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PREFACE 


In the following pages the most important Calculations and 
Formule connected with Hygiene and Vital Statistics are ex- 
plained, and are illustrated by numerous Examples fully worked 
out. 

An explanation is also given of Logarithms and Logarithmic 
Tables and of their use, 

The methods usually adopted are shortly described, so that the 
Calculations which follow may more readily be understood. 

In the Analysis of Foods, &c., details of laboratory technique 
are omitted, as being outside the scope of the book. 

The Examples are taken chiefly from records of practical 
work, and some from Examination-papers. 

Medical men and others working at Public Health, find it 
inconvenient to consult several books on Mathematics, Chemistry’ 
&e., for Calculations which it is necessary for them to know, and 
the details of which are not given in standard Text-books on 
Hygiene. To them in particular I hope these pages will be 
found useful. 

Work done in various Laboratories—at Netley (honoured by 
the names of Parkesand de Chaumont) ; King’s College, London : 
the Jenner Institute; the University of Edinburgh ; &., and 
experience gained in teaching Hygiene, and as a Medical Officer 


vl PREFACE 


of Health, have acquainted me with the requirements of 
Candidates for Qualifications in Public Health. 

My thanks are due to Mr. G. Maxwell Lawford, M.Inst.C.E., 
for his Formule; to Mr. J. E. Mackenzie, D.Sc., Ph.D., for kindly 
revising some of the proof-sheets; and to Dr. Glaisher, of 
Cambridge, for permission to reproduce the Table of Glaisher’s 
Factors. 

IT am obliged to Messrs. Baird & Tatlock, Casella & Co., A. 
Gallencamp & Co., J. J. Griffin & Sons, Mr. J. J. Hicks, Messrs. 
Negretti & Zambra, and Townson & Mercer, for blocks specially 
made, or lent, for illustrating the text. 


HERBERT W. G. MACLEOD. 


November 1903 
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METHODS AND CALCULATIONS IN HYGIENE 
AND VITAL STATISTICS 


CHAPTER I. 
CHEMISTRY. 


To Determine the true Position of Equilibrium in a 
Chemical Balance.—Raise the beam and free the pans by turn- 
ing the handle. If the oscillations of the pointer are of equal length 
to the right and left of the scale the instrument is correct. If of 
unequal lengths, correct as follows by taking an wnegual number 
of readings (say 3), commencing with the first swing of the index. 

Serena of the pene to the right of the zero are written 

; those to the left — 


Se Gar, 
(1) b 
ist to right 8.6 catlled! f rst to left 5.3 
PiOscillations ene Se ERS OU I WP oe oe ae 
| AN, 6.2 
22.0 9.8 
22.6 _ 9.8 | 
Neat anti) ae aa 
7-5-4.9= +2.6 
The balance points 2.6 in excess to the rght. 
— = 1.3 to the right is the zero-point. 
(2) a tance 
ee: f rst to right 4.3 ist to left 7.2 
2 Oscillations \ 2n a 3.2 3 Oscillations | 2nd 3, 03 
lard, ae 
7.5 19.0 
pa aks Loe 
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Difference = 2.5 to the deft in excess. 


», 2:5 = 1.2 to the left is the zero-point. 
2 


Temperature Scales. 


The three scales in use are (1) the Centigrade or Celsius—univer- 
sally used for scientific work ; (2) the Fahrenheit, adopted in Great 
Britain for Meteorological observations and largely used in Hygiene; 
(3) the Réaumur, which is used in Russia chiefly, and may be 
neglected. 

‘The Centigrade and Réaumur scales have the zero-point at the 
temperature of melting ice or freezing water. Fahrenheit, by using 
a mixture of ice and salt to determine his zero temperature, obtained — 
it 32 of his degrees below the melting-point of ice. This is there- 
fore marked 32° F. and coincides with o° C. and o° R. 

The boiling-point of water is 100° C., 212° F., and 80° R., the 
respective scales being divided between the freezing- and boiling- 
points into 100, 180, and 80 equal divisions. 

As Fahrenheit’s freezing-point is 32°, and 180 divisions separate 
this from the boiling-point, the latter equals 32 + 180 = 212°. 


Co P52 SR 


Therefore A BOSE Ist fs 
LOO 2a) 2 en nOO 
Ge ke seuk 
|e) 18 S$ 
ORM ee eae 8 

or oe 
A 5 9 4 
EXAMPLE. 


Convert into Fahrenheit degrees : 
(Ly 68ua) Ce 68.3 F-32 mm 
) 3 ma EM 9X 68.3 = 5(F => 33) 
5 9 614.7=5 F-160 
614.7+160=5F 
F=154.94". 


(2) —40° C. —~40 -F-—32 


—72=F - 32 
9 F= —72+32 
= —40 
— 40° C. and — 40° F. correspond in both scales, and closely 
approximate to the freezing-point of mercury. 
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oma a 
ae ei. ecm eos? 5 F-160= —243 
F= — 16.6° 
Convert into Centigrade degrees : 
= yy. I-32 C ,-1 C ; 
(1) 31 saat a coe tioae ina hh alan al elt My 
9 5 ae 
C= 3 — +o.s° (recurring decimal) 
9 
Pjeo EF. ay 
9 5 
aig ane g C= —160 
a3 C= -17.7° 
Mie ap sisa Cy er! 0 
me. 19 SE Sin 9 Ole 
9 5 2 5 C= — 28.3° 
Density. 


Mass is the amount: of matter a body contains. 

Weight expresses the force with which the mass of a body is 
attracted to the earth by gravitation, and represents the mass of 
the body weighed. 

‘Mass is an invariable quantity, but weight varies with the force 
‘of attraction and differs with the latitude of a place. For con- 
venience the mass of a body is expressed in terms of weight. 

Density is “ absolute ” and “ relative.” 

Absolute density is the mass of unit volume of a substance, 
and is estimated by weighing a measured volume. 

Relative density is the ratio of the mass of any volume of a 
substance to the mass of an equal volume of another substance 
taken as a standard. The standard usually taken for solids and 
liquids is pure distilled water at 4° C. or 39° F.—its temperature 
of maximum density, and the density of any substance relative to 
water is its specific gravity. In other words, its weight in air 
divided by the weight of an equal volume of water at 4° C. or 
39° F. expresses its specific gravity. 

In Hygiene and Physics air is used as the standard for gases 
instead of water, and the temperature 15.5° OC. or 60° F. 
is usually adopted for convenience, that being the degree of 
warmth commonly met with in laboratories. It may be denoted 
standard laboratory temperature, and the pressure of 760 mm. of 
mercury or 30 in. is taken as the standard or normal pressure. 
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“¢ Normal temperature and pressure,” written “N.T.P.,” means 
o° C. or 32° F., and 760 mm. or 30 inches. 
The mass of a body is directly proportional to its density and 
volume: Absolute density x Volume = Mass. 
Mass _ Weight (expressing mass) 
Volume - Volume 


.. Absolute density = 


A gravimetric or quantitative analysis by weight estimates the 
weight of the various substances a body contains. 

A volumetric or quantitative analysis by volume determines 
their respective volumes and is applicable to liquids and gases. 
From the known volumes the weights can be calculated by the 
laws of chemical equivalence. 

In the metric system the unit of weight or mass is the gramme 
and the unit of volume for solids and liquids is the cwbic centimetre, 
and for gases and vapours the /ztre or cubic decimetre. 

The British units of weight and volume are the pound and grain, 
and the cubic foot or cubic inch. 

The gramme is (very nearly) the weight of 1 c.c. of distilled 
water at 4° C.and 760mm. pressure. This system has the advan- 
tage of expressing weight and measure at the same time, so that 
I c.c. represents the corresponding weight of water in grammes, 
and the weight of 1 c.c. indicates both the density and specific 
eravity of any substance. At temperatures of 15.5° C. or 60° F., 
instead of at 4° C., the difference in weight is so insignificant that 
the error may be neglected, except in very accurate estimations. 

In the British system the pound and cubic foot have not the 
convenient relation between the mass and bulk of water as in the 
French system—now almost universal in scientific work. The 
British units of mass and volume give different numbers expressing 
density and specific gravity, and are not directly convertible. 

In chemical calculations the unit of weight for gases and vapours 
is the weight of a litre of dry hydrogen at o° C. and 760 mm. 
(32° F. and 30 in.). This is 0.08958, or shortly 0.0896 gramme. 
The weight of 1 c.c. of hydrogen is therefore ;o/5p of this, and is 
equal to 0.0000896 gramme, “ N.T.P.” 

The cubic centimetre is too small a unit for estimating the 
volume of gases, and weight per litre has the disadvantage of 
expressing density in fractional parts of a gramme. 11.16 litres 
are therefore used as the unit of volume for vapours and gases and 
the densities are expressed as whole numbers. 

The absolute density of a gas is the mass of 11.16 litres at 
N.T.P. By Avogadro's law: “The molecular weight in grammes 
of any gas at o° and 760 mm. occupies a volume of 22.32 litres.” 

One litre of hydrogen under normal conditions weighs 0.0896 
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gramme, therefore by the following equation we find the volume 
of 1 gramme of hydrogen (N.T.P.) is 11.16 litres : 


0896 :1::1:a, @=—~—=11.16 
GOSQO Tyr ee 5.0846 EI.1 


and that of 2 grammes of hydrogen (N.T.P.) is 22.32 litres. 


SOsOOts 2 Misr ar, 
a seas erlitres, 
The latter is known as the “ gramme-molecular volume of hydro- 
gen,” as it expresses the volume of its molecular weight in grammes, 
“‘ Kqual volumes of gases at the same temperature and pressure 
contain the same number of molecules, and the masses or weights 
of their molecules are in the same ratio as the densities of “the 
gases to which they belong” (Avogadro). 
Therefore under normal conditions : 


22.32 litres of hydrogen weigh 2 grammes. 
Beeeait 4; oxygen weigh 16 x 2= 32 grammes. 
Seer, carbon dioxide weigh 22 x 2=44 grammes. 


Therefore, if the molecular weight of any element or compound is 
a, 22.32 litres of it will weigh x grammes. 

The density of nearly all elements in the state of gas or vapour 
corresponds to their atomic weights. ‘Taking hydrogen as 1, the 


vapour-density of oxygen is = or 16, and that of CO, is 4. 22, 


The density of any gas, simple or compound, is half its molecular 
weight. The weight of 1 litre of hydrogen under N.T.P. is 
0.0896 gramme, and the weight of 1 litre of nitrogen under 
similar conditions is 0.0896 x 14 (the atomic weight of nitrogen) 
or 1.25 grammes. The weight of 1 litre of oxygen is 0.0896 


: 18 
x 16 = 1.43 grammes. 1 litre of aqueous vapour weighs “5 


x 0.0896=0.806 gramme, and 1 litre of CO,= a x 0.0896 = 


1.97 grammes. Air is 14.44 times heavier than hydrogen. 
Air contains approximately. 21 per cent. of O and 79 percent. N 
by volume. 
Vets 16 = 336) 
Nea gsei4 = ee 
100 X [= 100 grammes per 100 volumes of hydrogen. 


1442 grammes per 100 volumes of air. 


.. I volume of air=14.42, 1 volume of H=1; i.e. air is 
14.4 times heavier, 
and 1 litre of dry air under standard conditions weighs 0.0895 x 
14.44=1.293 grammes (vide p. 4). If the weight of air is 
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taken as the unit (as in Meteorology and Physics), the relative 
weight or specific gravity of an equal volume of hydrogen is 


14.44 times less than 1, and is equal to = 0.0603. 


14.44 
If the density of two gases or vapours relative to hydrogen is 
known, the ratio between them can be calculated at once. 


Thus, the density of CO, to hydrogen is “4 or 22, and that of 


air is 14.44; therefore, 


density of CO, : density of air: : 22 : 14.44, or as ar 252. 
Similarly the vapour density of water relative to air is first ex- 


pressed in ‘‘ terms of hydrogen” and the ratio is then made ; this is 


2 
= 0.623; 

14.44 

The molecular weight of a compound is the total weight of the 
atoms in a molecule of it. It is calculated from the chemical formula 
by multiplying the atomic weight of each element in it by the num- 
ber of atoms of that element and adding these numbers together. 

ExampLe.— Nitric anhydride is represented by N,O,. The 
atomic weight of N=14, O=16, and there are in the compound 
2and 5 atomsofeach. Therefore 14 x.2+16 x 5=28+80=108, 
which is the molecular weight. 

Sulphuric acid = H,SO,. 

'. I1X2+32+16x 4=08, is the molecular weight. 

Sodium sulphate=Na,SO,.10H,O. Its molecular weight is: 
23X2+32+16X4+10X 18= 322. 

Oxalic acid: C,H,O,.2H,O: 12x 2+1x2+16xX44+18x2=126. 
These parts by weight may be “ grammes,” “ pounds” or “ grains,” 

The percentage composition of each element is found by simple 
proportion from the molecular weight : 

Taking nitric anhydride : 

The percentage amount of nitrogen and oxygen it contains is 
calculated thus: 

2800 

Pash a9 


TOO 2 10S ss Zonas BS ag 209 nearly. 
108 = 160 s7r 00:3 a «= 74.1 approximately. 
And 25.9+74.I = 100. 
Oxalic acid : C= 109.0 per cent. 
H= 4.8 ” 
Oe 052 ine 


100.0 (grammes or grains), 
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A chemical equation expresses the results of chemical action and 
indicates the parts by weight of the molecule or molecules of each 
substance employed in the reaction. 

The weights may be of any system, but must be of the same 
nature throughout the equation. 

Atoms do not exist as such in the free state, but are in combina- 
tion to form one or more molecules, Mercury is an exception, 
its molecule consists of one atom only. 


Thus : 
SOQ, + us oe Oe an EP SO ea), Poel, 
lecule = 6 egies ieeut ie lecules = 
Me Pat tywoen) HC spans JC gegane ) + (7 Benes) 


If ro grains of H,SO, are required, how many grains of SO, 
and I, would be needed ? 


640 
ore TOs OA a. wag =6 53 grains (nearly) of SO,. 


Geeio. 25400. oe 33 26 grains (nearly) of iodine, 


2HgO 2H¢g = 

(2 molecules = 432)=(1 molecule = 400) + (1 molecule = 22) 

How much oxygen will 5 grammes of HgO yield ? 

A rah 2 823215 2: x= 0.37 gramme of oxygen. 

In calculations of the volumes of gas formed by chemical com- 
bination the relations between molecular weight and volume of 
the respective gases must be known. One molecule of a gas under 
N.T.P. occupies the same volume as one molecule or two atoms of 
hydrogen—+.e., 1 volume or 22.32 litres, which is the gramme- 
molecular volume expressing both w eight and volume. 

The volume of the gas in the last example is easily calculated 
from the equation: the gramme-molecular volume O, at N.T.P. 


is 22.32 litres, and 432 grammes of HgO yield that volume as 
per equation. 


I 


111.6 
ao 
The molecule of a gas occupies 1 volume at o °C. and 760 mm. 
and each gramme-molecule is 22.32 litres, but the volume alters 
with change of temperature. 
Changes of Volume and Temperature, Pressure remain- 
ing the same.—By Charles’ or Gay-Lussac’s law the volume of gas 


Therefore: 432:5::22.32:%. «= = 0.258 litre of oxygen. 


at constant pressure expands or contracts —-(= 0.00366 5) of its 


s @) 
volume at o° C. for each increase or decrease of 1° OC, ; 
In the Fahrenheit scale gases at 32° F. increase or diminish 
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ae — (0. 002) of their volume for every rise or fall of 1° F., the 


49 
ie te remaining the same. These fractions are “ coefficients of 


expansion ” of gases in the respective scales, 


In other words: 


At 0° C. 273 volumes of a gas under constant pressure become : 
5 1° C.=2734+1 volumes, and at —1° C.=273-—1 volumes. 
32 Uva 29349 a So eee Ceara 2 RS 
Bee hear eee Ye ga be me oo oe DO 252 7 


Similarly at 32° F. 491 volumes of gas under constant pressure 
become ; 


at 33. F. = 491 +1 volumes, and at 31° F. =491 — 1 volumes. 
» 34 * BR = 491 ae ” ” 30° ig =491 me ” 
” 32+1 =491 +1 ” ” cares =491-T ” 


As the volumes of all gases vary directly with absolute tempera- 
ture (the zeros being — 273° C.and — 491° F.), 273 or 491 must be 
added to all observed or required temperatures in making calcu- 
lations and corrections for changes of volume so as to express 
them as degrees on the “absolute scale.” Thus, 15° C. becomes 
273 +15, and—150.=273-15. 62° F.=4914+62, and—2o° F. 


= 491 ~ 20. 
; : oo ne Toa 
The formula for the Centigrade scale is VY. 27a ees where 


T, and V, represent the original temperature and volume and dh 
and Ns the temperature and volume for which the calculation or 


correction is made. 
ExAmMpLe.— What will be the volume at—10° C. of 120 @.e. 


of a gas measured at 15° C.? Here V,=120. T,=15, T,= —10. 
V, is to be calculated. 
120 273 +15 120(273 — 10) 

—= es aa Ves £ % 

Ng (PRS AA OT ea ae 
(2) 15 cc. of CO, are measured at 12° C. What would the 

volume be at 36° C.? 

ES ayo te 
V, 273+ 36 


In Fahrenheit’s scale the formula is 


= 109.58 ©¢.¢. 


Vi Oe20 yc, 


V,_ 491 +(T, — 32) 
Wits 491 +(T, — 32) 


or by deducting 32° from 491 at once: 
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_ (459 +T,) x V, 
459+, 
EXxAMPLE.— What volume will 128 cub. in. of nitrogen measured 
at 32° F. occupy at 122° F. (constant pressure) ? 
128 459+32 
‘V, 4594122 
To Correct the Volume of a Gas for Normal Temperature. 


Let V,= observed volume of the gas 
T, = observed temperature of the gas. T=o° C. 


V,= 


= 151.4 cubic inches. . 


*, V,=volume at o° C, 


Gee agar L, 

: Viu2y3-40° 
Vv 
V is = ae eee J 
(273+ 1,)=273%V, se eae 


EXAMPLE. —Find the yolume which 147.8 ¢.c. of a gas originally 
measured at 50° C. will occupy when the temperature falls to 
oLG, 

Viele Be Laue Cle; 
15 29426 50 
Fahrenheit scale : ais eAgeet T= 32h but T, = 
Vi toa nha ga): 


npg ae 


Vie VSAoT ie 4Q1 
r _491 X MG 
459+ 7; 


EXxAMPLE.—Calculate the volume which 147.8 cubic inches of a 
gas measured at 122° F. will occupy at normal temperature, 
pressure remaining unaltered. 


491X147.8 491 X 147.8 
491 +(122-—32) 459+122 
The density of a gas varies inversely as the absolute tempera- 
ture if pressure remains unaltered. 
Let D, and D, be the densities at temperatures T, and T,,. 
Dix 273+ she 
Di o7ad'T 
ExampLe.—At what temperature will air having a density of 


14.44 (relative to hydrogen as 1) be of the same density as oxygen 
at o° CU, or 32° F., pressure being constant ? 


ae He = Vo 


S= F249 €D,. 10, 
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T, is to be found. 
Wild 32d jcPoeee tS ck 
16) Ve7eced ) 23 oe, 
16(273 + T,) = 14.44 x 273. 
To 20.0 1C,, 
In the Fahrenheit:scale : 
14.44 491+(T,—32) 459+7, 459+, 
16 ~ 491+(T,-32) 459+T, 459+32' 
*. 16(459 + T,) = 14.44 x 491. 
T= —15.87° F, 


Changes of Volume and Pressure, Temperature remaining 
the same.—By Boyle’s and Mariotte’s law the volume of a gas 
varies inversely as the pressure, temperature remaining constant. 


The formula is —! = —2 


EXAMPLE.—-2 37 litres of a gas are measured at 755 mm. pressure. 
Find the volume if the pressure be changed to 915 mm., the tem- 
perature being unaltered. 


V,=237 litres.” V, 1s to be found. 

Py,=9t5. P,=755.- 

. 237 915 F231 75575 by 
gre Va Benet 195-5 litres. 

To Correct the Volume of a Gas for Normal Pressure. 


Let V,=observed volume. 
P, = observed pressure (height of barometer in mm.). 


1 
V,=V,=volume at normal pressure (760 mm.). 
P= 7ooim, 


NG Pee age aa eect 
IN Les a ee aera 


UT 1 2 


ExamPLe.—Correct for normal pressure the volume of 1 litre of 


a gas measured at 740 mm. pressure, temperature being un- 
altered. 


1 litre=r1oooc.c. P,=normal pressure = 760 mm. 


1000 760 ty L000 GTA Banas 
V5. 0145, 8 ccs im 
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In the Fahrenheit scale: 


Let V,= 1000 cubic inches. 


V,=V, =volume at normal pressure. 
P, = 29.2 inches. 


1 
P,.= 30 inches. 
wEtOOO, 1130 
e292 


1000 X 29.2 
30 
Under constant Temperature Density varies directly 
as Pressure.—The ratio is expressed thus : Dyk 


(rad i 
We have already seen that density varies inversely as the 
absolute temperature if pressure is constant, the ratio being : 
Bey oy Be be 


De 273-41, 


ExAMPLe.—tThe density of air at 760 mm. pressure is 14.44, at 
what pressure will it equal that of normal oxygen ? 


D,=14.44. D,=16. P,=760. P, 1s to be calculated. 


VA = = 973.3 cubic inches. 


14.44 760 
ro”. ee 
6 x 76 
(ea — BB y oN mm. 
’ 14.44 


Expressing pressure in inches of mercury instead of as milli- 
metres, the same example becomes : 


14-44 30 pa a9; 
faba: Pe 332 luches. 


4 cipea & 
By Boyle’s and Mariotte’s law : vy. =p. (p. 10), and as density 
=a 


1 


ies directl ees theref Weta Os 1.€ 
varies directly as pressure P.-D, erefore i Pea 
temperature remaining constant, volume varies inversely as 
density, and vice versd density varies inversely as volume. 

EXAMPLE,—250.4 volumes of nitrogen have a density of 14. 
Find the volume when the pressure is diminished and the density 
becomes 12. 


NV 250.4 D, 
V, is to be found. D, 


14 
EZ. 
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250-4 Ta 250.4 14 
Vo tae 1:2 
Change of Volume with simultaneous Changes of Tem- 
perature and Pressure.—The formule of Charles’ and Boyle's | 
laws are used together thus : | 


= 292.1 volumes. 


V +T a 
(i) eB COr eee Dane 


V, 273+0 
Ven 
(2) V."P. Ore Va is Vee eres 
2 


Combining these two formule for correcting the volume for 
temperature and pressure simultaneously : 
vee xz OT Vera iets ale) * Polerageer  e 
WAGE FB 
In the Fahrenheit scale : ut - se a ~ = x . 


(459 +T) xP, 


~ (4594+ T,) x P, 
(459+T,) ise 
Va ea Va oe eee 
ES TE RECs 5 


EXAMPLE.—250 litres of a gas are measured at 745 mm. pressure 
and rs° ©, Calculate the volume at 25° C. and 765 mm. 


pressure. 


: , 250 _ 273 +15 
(1) By Charles’ law : Vik oye 
pasado: 


By Boyle’s law : = . 
(2) By Boyle’s law Viger 
250 _(273+15) 765  _ 250 (273 +25), 745 


ti = x—. 
Va J A273+ 25) 94s 88 25g 15) 765 
= 251.9 litres. 


_ ExampLe.—250 cubic inches of dry air are measured at 209.4 
inches and 5° F, Find what the volume would be at 30.2 inches 
and 77° F, 


250 (459+ 2 
250 _ (45945) 30.2 1 _250x(459+77) 29.4 _ Bates 


V, | (450-497) 26-429). Ao 845g eames aoe 
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To Correct for Normal Temperature and Pressure 
simultaneously.—The above formule are only modified. 

Let V,=V =volume at N.T.P. 
te 0) Cs orrge” i, 

and 273+ T,=273+0° C. 

and 459+ T,=459+ 32° F.=4o1. 

P,=B, = 760 mm. (C.P), or 30 inches (F.°). 
; vy, (273+7)) eo oO 


oA Plat PEE EEE Na for Centigrade. 


rN ee 


nore ¥ ley 
273 FL 6 {6o 
Vv ie T 
For Fahrenheit : vy (459+T,) 30 _ (459+! 1) 39 


iso iz) 2) air =P, 
Va Vy x ee xo 
eS Oe pase 
Exampie.—Find the volume which 500 c.c. of a dry gas or 


vapour measured at 15° ©. and 750 mm. pressure will occupy at 
normal temperature and pressure. 


500 _ (273 + 15) | 760 
We ai 01) 750 
OATS. 3 h5° 

Nast oapes | Goa = 467.7 0.0. 


The same example converted into the Fahrenheit scale of tem- 
perature and inches of pressure, and taking the original volume as 
equal to 500 cubic inches, gives: 


Pe “Oro FL, and 750 mm. eee inches, 
500 _ (459 +59) ,, 
Vi (459432). = 15 | 


Vv a spo 4077, 209 
is 51S 30 


= 467.6 cubic inches. 


Sometimes the Fahrenheit scale is used for temperature, and the 
metric system for pressure, so that the problem may be: 
Find the volume under N.T.P. of 1 cubic foot of dry air 
measured at 60° F. and 730 mm. pressure. 
Without converting 730 mm. into inches : 
Wy 7605 (459-760) 1. 760 519 


~ 730% (459 +32) °° Vy, 730° 491 
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730 491 x1 
"760" 519 
If the normal pressure is to be expressed as 30 inches and not 
as 760 mm., then 730 mm. must be converted into inches 
tHUS ¢-7 001.720 ahora 


= 0.908 cubic foot. 


x= 28.8. 
8.8 
n= peels ees = 0.908 cubic foot (as before). 
30h AB TO 


To Find the Weight of a given Volume of Gas at a given 


Temperature and Pressure. 
(1) Find the volume corrected for N be od 


Let W = required weight. 
V,=original volume, V, = required volume. 
P, = original pressure, P, = required pressure (normal). 
T, = original temperature, T,=required temperature = o° C. 
CENTIGRADE SCALE: 
273% V5 
~ 760 * 273 +7, 
(2) Multiply the “corrected” volume by the weight of 1 litre 


(unit volume) at N.T.P. 
ExamPLe.—Find the weight of 1 litre of dry air at 15° C. and 


730 mm. pressure. 


(1) V,=1 litre. 


730 278% Fe a 
Vie = 960% (273-415) 79! litre. 


(2) 1 litre of dry air N.T.P.=1.293 grammes : 
I: 0.91 3: 1.293 : €=0.91 X 1.293 =1.176 grammes. 
FAHRENHEIT SCALE: 
Be eag ine: 
BR aed Frenne fad 
Eve 30° 4594-1, 
(2) Multiply the result by the weight of 1 cubic foot (unit 
volume) at N.T.P. 
EXAMPLE .—Calculate the weight of 1 cubic foot of dry air at 


75° F. and 2g inches pressure. 
1 cubic foot of dry air at N.T.P.=567 grains (approximately). 


= eae x 567 = 503.96 grains. 


ExamrLe.—Find the weight of 1 cubic foot of CO, at 62° F. and 
28.5 inches pressure. 
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AP A Sats Casa : ; 
(1) V,= Fey WAGON = 0.89 cubic foot, CO,. 
(2) To express the weight of CO, in terms of dry air relative to 
hydrogen. 
Weight of 1 cubic foot, CO, 22 


Weight of 1 cubic foot of dry air 14.44 
. Weight of 1 cubic foot CO,=weight of 1 cubic foot of dry 


air 1.52. 
Weight of 1 cubic foot of dry air = 567 grains approximately. 
. Weight of 1 cubic foot CO,= 567 x 1.52 grains. 
*, 0.89 cubic foot CO, = 0.89 x 567 x 1.52 = 767.0376 grains. 


ae 


Mixture of Gases and Vapours.—By Dalton’s law, if several 
gases or vapours are enclosed in the same space, each one exerts 
the same pressure as it would if the others were absent. This 
‘partial pressure” is known as “ vapour tension,” “ elastic force,” 
or “force of expansion.” The total pressure, or weight, of a 
mixture of gases and vapours is the sum of the partial pressures or 
weights. There is a limit to the quantity of vapour which can be 
formed at a given temperature, and both the vapour itself and the 
space containing it are said to be “saturated” when this limit is 
reached. ‘The vapour is then at “ maximum tension ” and “ maxi- 
mum density.” ‘The vessel containing a mixture of gases has a 
uniform pressure at all points of its surface. The pressure of a 
vapour in contact with its own liquid is the same for the same 
temperature. 

EXAMPLE.—100 volumes of pure dry air ata pressure of 760 mm. 
contain : 


Oxygen : . 20.94 parts 
INTiosen Pe OO firs, 
Hydrogen . Po OLO2 hens 
Carbon dioxide . ee ORO 3 


Find the partial pressure of each. 


Oxygen :, 100 : 760 :: 20.94 : x. po eS 159.144 mm. 
Similarly Nitrogen = OG data 4 mm. 
I0O 
60 x 0.02 
I Se SO 
Tydrogen eee 0.152 mm 
COl= Beis 0.304 mm. 


I0O0 
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If the gas contains moisture (7.e., water vapour) and the volume 
is to be calculated under normal conditions : * 
Let p= pressure of aqueous vapour 
Paes », the moist gas (gas and vapour) 
. P-p= ” » » dry gas. 
Be Ces JESS 
760 x (273+ T)- 
of a gas for Mpoineite pressure, and aqueous vapour. 


The formula is V It corrects the volume 


ExampeLe.—The observed volume of gas and water-vapour is 
68.6 c.c., the height of the barometer is 738.5 mm. and the tem- 
perature is 1 5.0° O. Find the volume under normal conditions. 

It is necessary in all cases to ascertain by Vapour-tension tables 
(e.g., Regnault’s) the maximum tension (%.¢., pressure) of the 
aqueous vapour present at this oeagen 

It is found that this pressure at 15° C.=12.7 mm. Hence we 
have: V=68.6 cc. P=738,5 mm. ed LZ. 7 Hav | 

The true pressure of the dry gas is 738.5 —12.7= 725.8 mm. 


725.8 X 273 X 68.6 
2~ 760 x (273 +15) 
For the Fahrenheit scale the formula is : 
(P=p) ) 49rxV 
| 30 (459 +) 

Examete.—Fitd the volume which 1 cubic foot of moist air at 
60° F, and 29.5 inches pressure will occupy under N.T.P. 

The maximum tension or pressure of aqueous vapour at 60° F. 
and 29.5 inches =o0.52 inch. 
(29.5 - 0.52) x 491 x1 

30 x (459 + 60) 

Absorption of Gases in Liquids having no Chemical 
Action on them.—The volume of gas dissolved is constant for 
the same temperature at (approximately) all pressures ; the weight 
of the dissolved gas is directly proportional to the pressure. 
(Dalton’s and Henry’s law.) 

The ratio of the volume of gas dissolved to the unit volume of 
water (or any other liquid) which dissolves it is, under certain fixed 
conditions of temperature and pressure, a fixed and definite 
quantity, and is called the ‘coefficient of absorption” of the 
body for that particular gas. 

The coefficient of absorption is aN volume of gas at N.T.P. 
which is taken up by 1 c.c. of a liquid at the same pressure. 


Vv 


= O24 Ce. 


Va— 


se Vee ce = 0.914 cubic foot. 


* Vide De SE 4s 
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The coefficient of solubility is the ratio of the amount of gas in 
unit volume above, and in, the liquid. 

Increase of temperature diminishes the eee ont of solubility. 
At the boiling-point it is equal to zero. Ina mixture of two or 
more gases in contact with water (or any liquid) each gas will be 
dissolved to the same extent as if it were the only gas present. 

Solutions.—A normal solution contains the hydrogen-equiva- 
lent of the substance in grammes dissolved in 1 litre of water at 
fee ©. or 60° Ff. 

The ‘“‘hydrogen- equivalent” of a reagent is its weight in grammes, 
which is chemically equivalent to 1 gramme of hydrogen. 

The normal solution of a monovalent body contains its molecular 
weight in grammes per litre. 

fi.g., the normal solution of NaHO=23+1+16=40 grammes 
per litre; of HCl=1+35.5=36.5 grammes per litre. 

In adivalent reagent the normal solution has half the molecular 
weight of the substance per litre, and in a trivalent body one- 
third of the molecular weight, e.g. : 
Normal solution of barium hydrate = ae WERE? BLE E16) 

2 
= 85.5 grammes per litre (divalent). 
OHO, + 2H.0 126 
2 2 


Of hydrated oxalic acid = =63 grammes per 


litre. 
Normal solution of sodium phosphate (trivalent) 


= ee) ie 119.3 grammes per litre. 
3 


In normal solutions 1 c.c. of any acid of whatever ‘ valency” 
corresponds to 1 c.c. of any nee 
A solution of half, 75, zi>, &c., the normal strength is a 


aN. N N 
* semi-’ (F), * deci-” (=) or “centi-normal ” =) solution. 
2 ie) I0o 


‘“‘ Standard solutions” other than “normal” may be made of any 
required strength without reference to valency. 

If a solution is not of standard or normal strength it is titrated 
with one of standard strength and the “factor for correction” 
calculated. 

EXAMPLE.—z20 cc. “normal” alkaline solution required 
18.6 c.c. of the acid solution instead of 20 cc. The alkaline 
standard being of proper strength proves the acid solution to 
be weaker than normal, and the factor for correcting the latter 


is caleulated thus; 
B 
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TS\63; lcs 20m en eee = 1.075 as “ factor.” 


gets 
18.6 
', c.c. of acid solution x 1.075 =correction to normal. 

By working with 100 ¢.c. (= 100,000 mgr.) the results can be 
expressed at once in parts per 100,000. This is the best method, 
and is almost universally adopted in scientific research. By 
multiplying the results by 0.7 they are stated as “grains per 
gallon.” 

By taking 70 ¢.c. (= 70,000 mgr.) the returns are in “ grains 
per gallon,” and are changed to “ parts per 100,000” by multiply- 


ing by = or by 1.43, a less convenient process than the above. The 


statement of results in grains per gallon is practically limited to 
Great Britain, and is more readily understood by the Public and 
by Sanitary Authorities. Working with 70 ¢.c. instead of 100 
may shorten the time in making an analysis, and this may be a 
desideratum. In all cases the result should be expressed also in 
parts per 100,000. 


CHAPTER IT. 
SPECIFIC GRAVITY. 


TuHE calculation is based on the principle of Archimedes, that every 
body immersed in water or any fluid is subjected to an upward 
pressure equal to the weight of the liquid displaced by the body. 
There is a loss of weight equal to that of the displaced liquid. 
Two forces influence the body : 

(a) One equal to its weight acting at the centre of gravity and 
tending to depress it. 

(8) The other at its centre of buoyancy tending to raise it. 

I. To Determine the Specific Gravity of a Solid. 

1. HEAVIER THAN AND INSOLUBLE IN WATER. A.—(a) Weigh it in 
air in a chemical balance in the ordinary way. (6) Suspend it by 
a very fine fibre (the weight of which may be neglected or 
estimated) from the hook of the balance-arm without removing 
the scale-pan, or from the hook beneath the pan, the substance 
being immersed in pure distilled water at 4° C., or more usually at 
15.5 O., the ordinary temperature of a laboratory. Air-bubbles 
on the surface are to be brushed off gently. Air in the interior 
of a porous substance is removed by the air-pump or by boiling 
during immersion. 

Weigh the substance a second time. The difference between 
this and the first weight in air is the loss of weight in water. 


Weight in air a 
Loss of weight in water at 4° C. bee 
(or weight of an equal volume of water). 


fi.g., Weight in air=136 grammes. 
9 Water=121 ” 
Loss of weight in water = 136 —121=15 grammes. 
£39 9.06 =sp. gr., or “ density relative to water.” 
15 


Similarly for grain-weights, 


>) ~ GALCULATIONS IN HYGIENE 


B. By Nicholson’s hydrometer (constant immersion). A weight 
of 100 grammes placed on the tray (Fig. 1) sinks the instrument to 
the zero mark when it is immersed in distilled water, 7.e., weight of 
instrument+ 100 grammes=weight of water displaced. The 
body of which the sp. gr. is to be estimated must be insoluble in 
water, and its weight less than roo grammes and heavier than 
that of an equal bulk of water, so that it will sink. 

(1) Place the body on the tray and add weights till the instru- 

ment sinks to zero. .g., 55 grammes must 
= be added .*. weight of body in air = 100 —- 55 = 
45 grammes. 

(2) Place the body in the ‘ basket,” under 
water, and add additional weights to those 
already in the tray until the instrument sinks 
again to the zero mark. #.g., 34 grammes 
are added. This is equivalent to the weight 
of water displaced by the solid. 


~y 45 
“Spvgr, of solid == 23.3; 
p. gr. of soli a1 1.3 


It can also be used for estimating the sp. gr. 
of a liquid denser than water: Let the instru- 
ment be placed in the liquid to be tested; 
add weights on the tray till the zero level is 
reached, ¢.g., 65 grammes, 

Let the weight of the instrument itself = 
120 grammes. 


neeneeeeee oat 
Itc, 1.—Nicholson’s a Sp. sr. of liquid = a20 405. r= ae oe, 0.84. 
Hydrometer, 

2. 'THE Bopy Is LIGHTER THAN AND INSOLUBLE 
IN WatER.—A “sinker” is used to keep the body under water. 
The weight of the sinker in air need not be known, but its 
weight in water must be ascertained and also that of any wire, 
&e., connecting it with the solid when under water, 


Let 8, = weight of the solid in air. 
Sy = | ay) 4) 5) eunkerdin waver 
Se = > 99 9) Solid and sinker together in water. 


The combined weights of both in water will be less than that of 
the sinker in water by itself, owing to the force of buoyancy tending 
to lift the body and sinker. This force is equal to s,, minus 8s,.. 

.. the weight of the liquid displaced, or the loss of weight in 
water = (8, +8,) — Ss,.. 
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S Ba 
a (S. a 9) ae Ss, 
Exampie.— Weight of the body in air = 48 grains, 
- » Sinker in water = 123 grains. 
» in water of body and sinker = 94 giains. 
(48+ 123) — 94 
3. THE SOLID IS HEAVIER THAN WATER AND SOLUBLE IN IT.— 
The body is weighed in air and then in a fluid which will not 
dissolve it, and the specific gravity of which is known. 
Let W, = weight of solid in air (¢.g.= 7.42 grammes). 
Vet m,, u liquid (= 4.34 grammes). 
y=sp. gr. of this liquid relative to water (=0.76). 


Sp. gr. 


s. Op. ar = 0.623 (water =r). 


i 
.. Sp. gr. of solid relative to the liquid = a W, 
To express this relative to water : tp Ce Saas ¥ 
Sp. gr. of water I 
.. Sp. gr. of the solid relative to water = 


rope 9:42 
7-42 — 4.34 

4. THE SUBSTANCE IS HEAVIER THAN AND INSOLUBLE IN WATER. 
—By the specific gravity bottle. A specific gravity bottle usually 
has engraved on it the weight of distilled water it can contain at 
standard temperature (15.5° C. or 60° F.) when filled up to a 
certain mark and properly stoppered. 

An attached thermometer indicates the temperature of the 
contents. 


The weight of the powdered substance being known, it is 
poured in. } 

Add distilled water to the powder already in the bottle, boil, 
and fill up to the mark with freshly boiled distilled water. 

Weigh again at standard temperature. 


Let W=weight of distilled water at standard temperature 
(e.g. = 50 grammes). 
Let P=weight of dry powder (== 14 grammes). 
P,= 5 4, powder + water (=56.8 grammes). 
Apt hii ollie 
“. Sp. gr. of powder (14450) ~ 56.8 ~ 1.94. 


30 Ve 
W.-W.” 


0.76 = 1.83 


no 
Ww 
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s. The “specific gravity tube”—Sprengel’s (Fig. 2) or Per- 
kin’s. One of the capillary tubes forming an “arm” has a mark 
etched on it indicating the point to which the liquid reaches. The 
other arm ends in a fine aperture through which the fluid to be 
tested is drawn by suction. Small glass caps are used to close the 
tubes and prevent evaporation. By means of a fine platinum 
wire of known weight the specific-gravity tube is suspended from 
the arm of the balance without removing the weighing-pan. 


\\ 


} 


I'1G. 2.—Sprengel’s Specific Gravity Tube. l'1G. 3.—Hare’s Apparatus. 


Let the weight of the empty U-tube (clean and dry) = 10.398 
grammes, Fill it with distilled water a little beyond the mark 
and warm the contents in a beaker of water at 15.5° C. Draw 
off the superfluous water with blotting-paper till the water is level 
with the mark. Dry, and weigh the tube and the contained water. 
Let this = 15.486 grammes. 

Empty the tube of water, dry it in the air-bath, cool, and then 
fill it as before with the fluid to be tested. Weigh as before. 
Let this weight = 14.563 grammes. 


14.563 — 10.398 4.165 
15.486 - 10.398 5.088 


Sp. gravity of fluid = = 0.818. 

This method is preferable to the sp. gr. bottle for temperatures 
above that of the atmosphere, and for liquids less dense than water 
—e.g., alcohol. 
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6. Hare’s apparatus; air is drawn out by the central tubing 
and the liquids rise in each tube. 


Fig. 4.—Wcstphal Balance. 


( 


HAM TTT 
|. ES i 


Let H, = height of the column of liquid. 
H, = ” ” ” »» water. 


H 
ra Ure 4 eee Hi, 


As the heights of two columns of liquid in equilibrium are 
inversely as their specific gravities, the heavier liquid has the 
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shorter column and the greater sp. gr., the scales being marked in 

opposite directions to indicate this. 

7. The specific gravity balance of Westphal (Fig. 4) or Saitorius 
Fig. 5). 

The Dee is immersed in the liquid at a known temperature 
(15.5. C. or 60° F.), and the riders are applied on the graduated 
arm sil a perfect balance is obtained. The scale can be adjusted 
to the fourth decimal, and gives the sp. gr. relative to water as 1. 

8. By hydrometers of variable immersion. 


i ti 


| 


Fig. 5.—-Sartorius’ Balance. 


Twaddell’s (Fig. 6) is usually used in Britain for liquids denser 
than water. The divisions are at distances corresponding to equal 
differences of density and are not of the same length. ‘lhe 
temperature of the liquid is to be 15.5° C. or 60° F. 

The number of degrees read off multiplied by 5 and added 
to 1000 gives the sp. gr. relative to water as 1000. ‘Thus ‘' 23.5” 
being the indicated reading : 


Sp. gr. of liquid = (23.5 x 5) + 1000 
== 24.5 1 LOCO =i Higgs 


It water is taken as 1, this becomes 1.1175. 
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Baumé’s Hygrometers.—(a) For LIQUIDS DENSER THAN WATER 
(“ salimeter”). The zero is at the top of the scale and is the point 
to which the instrument sinks in distilled water at 15.5° C. or 
eae? = 7000 sp..oT, 160° =1.075,20 =—1.161, 30° = 1.263, 40 = 


ee 50 = 1.530,.00 .=1.414,70 =1.940 5p. pr. 
(8) For LIQUIDS LESS DENSE THAN WATER (“‘ alco- 

holimeter ”). The zero is at the bottom of the 
scale, and indicates a mixture of 10 parts by 
weight of salt and go parts by weight of water. 

10° is the level in distilled water at 15.5° C. 
(ao E-)=1.000 sp. gr.. 20 = 0.928, 26° =0.892, 
bee O71, 70 =0.037,.40 =0.817,50 =0.761, 
60° =0.706 sp. gr. 

Il. To Find the Specific Gravity of a 
Liquid relative to Water. 

(1) By using a solid of known weight insoluble 
in either of the fluids. 

A metal ball or plummet is taken and weighed : 
(a) In air (e.g. = 118.7 grains). 
(6) In distilled water (= 75.3 grains). ; at 60° F. 
(c) In the liquid itself (= 62.4 grains). 

118.7 — 62.4 = weight of liquid displaced by the 
ball. 


118.7 Sos: ” », water ” 
ball. 


bp) 


118.7 — 62.4 
oo 
119.7 — 7553 3 
(2) By the specific gravity bottle for liquids. 
Let weight of empty bottle = 25.623 grains. 


.. Sp. gr. of the liquid = 


Sah fa i eo te ; 


/ a Faeaksvenes 


fy 


Fig. 6.—Twaddell’s 


Hydrometer. 


», 9, bottle + distilled water at 15.5° C. = 78.658 grains. 
aoe se iduid at 15.5 °C.=—67.58r grams. 


67.581 — 25.623 = 41.958 = weight of liquid. 
78.658 — 25.623 =53.035= ,, 4, water. 
LOO 
enp er. of liquid = = On7O 1: 

| a -$ q 53.035 Tbe, 


CHAPTER ILI, 
METEOROLOGY. 


To Calculate the Weight of Aqueous Vapour or “ Mois- 
ture’’ present in a Mixture of Air and Vapour at a 
given Temperature and Pressure. 


1. Find the weight of the same volume of dry air corrected for 
N.T.P. under similar conditions of temperature and pressure. 

2. Multiply the result by the specific gravity or relative density 
of the vapour, air being taken as unity. This is as 0.623 to 1. 
If the pressure is not stated it must be ascertained from a Table 
of Pressures (or “ Tensions”) of Aqueous Vapour (Regnault’s). 
Opposite each degree and tenth of a degree C. is given the maxi- 
mum tension in mm. of mercury. This is read off for the given 
temperature. { 

ExamPLe.—Calculate the weight of 1 litre of aqueous vapour at 
een Uy 

re V,=1 litre. V, is to be calculated. P, is found from the 
Table of Vapour Tensions (p. 27). Opposite “15.5 C.” is “ 13.1,” 
i.€.= maximum pressure of aqueous vapour at that temperature. 

Let W=weight of 1 litre of dry air at 15.5° corrected for 
N.T.P. 1 litre of dry air at N.T.P. weighs 1.293 grammes. 


13:t x oe a 
oe WS ee X28 0010) 204 Cea, 
760 X (273 +15.5) gramme. 


(2) 0.0207 x 0.623 =0.0128961 gramme=weight of 1 litre of 
aqueous vapour at 15.5° C. and 13.1 mm. pressure. 

If the Table of Vapour Tensions expresses Temperature and 
Pressure only in C.° and mm. and the equivalents are required in 
F.° and inches, the conversion to the latter is easily made. For 
temperature, as already indicated (pp. 2, 3); and for pressure as 
follows : a. ; 
1 millimetre = 0.03937 inch 

.. Tension in millimetres of mercury ” x 0.03937 = Tension in 
inches of mercury (i.¢., ‘* pressure ”’). 
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EXAMPLE.—15.5° C.=13.1 mm. (Regnault). To convert to F.° 
and inches : 
Sijweiek, 
5 Ou 
and 13.1 X 0.03937 =0.515747 inch. 
= 0.516 inch (nearly). 
*. “15.5° C. and 13.1 mm.” correspond to 60° F. and 0.516 
inch. 
EXAMPLE. 
at 60.8° F. 
Pressure not being given, it is found from an Aqueous Vapour- 
Tension Table : 
60.8° F.=0.5315 inch (= maximum pressure). 
(1) Find the weight of an equal volume of dry air, denoted by 
“W.” 1 cb. ft. of dry air at N.T.P. weighs 567 grains. 
ow = 225315 (459 + 32) X 2 
30 X (459 + 60.8) 
0.5315 X 491 Xx 2 
Eisai ae! 
(2) 18.9 x relative density (or weight) of aqueous vapour = 18.9 
x 0.623 =11.77 grains, the required weight of aqueous vapour. 


F = 59.9 or 60° (near) ). 


Find the weight of 2 cubic feet of aqueous vapour 


x 567 grains. 


x 567 = 18.9 grains. 


Pressure, Tension, or Elastic Force of Aqueous Vapour 
from o° to 30° C 
In mm. of mercury. 


Ci. : Mim. Migs Mm. | C°. Mm. Cr, Mm. C Mm. | 
eee OWsG ig 72>) 59-0... 107.2 | 119.5.<216.9 |) 20.0.5.25.0 
ee ON Ore 7.5 11 805.0, 01.5. |) 20.0..307s4 | 20.5 .5.25.7 
See ays 7608) 14,0e,. 11.0), 20.5 5..1-7.9 | 27.0...26.5 
ee eG. 5.01} 14.5..,12 3 | S80. 51055 (727.552.2753 
omen S Sa. S93) 15.0... L2¢7 4 20-5.4219.1 | 23.0...28.1 
Pe eee 2000) 15 ,5.001 3-1. | 22.0;.-19.7 | 23.5,.-28.9 
perieet WOus....0.9 i10.07..13-5 | 22.5-%20.3 | 20.0 ..20.8 
Agee 5-0) 10:0..-1'0.2| 16:5..794-0 | 23:0.-.20.9 | 20°5...30.7 
reer G.1 (1O5..°9.5 | 17-0..14:4 | 23.5...21-¢5 | 30.0...631-5 
Meee ete LL.O,r, 0.0) | 17-5.;.14.9 | 24.0:..22.2 

B-Or0.5 | 11.5...10,1 | 10.0...15.4 | 24:5...22.9 

Ree O80 12.0,.410.57), 19.5..15-0%) 25,0 23.5 

Oo 702.5 -..10.8°| 19,00-1G.3. |" 25:5... 24:3 


bo 
oe) 
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Pressure, Tension, or Elastic Force of Aqueous Vapour 
from 32° to go°F. 
In inches of mercury. 


| F*, Inches. | F°. Inches. | F°. Tacnen Hr, Inches. F°, Inches. 


324-.0.151 | Ads-.0,208-) 5SO41.0c440 4 06..,0004 | COamenG ae 
33...0.188") 45.°.0:209.1-5 7.0405 | 09m .O. Joo 1 oho sOag 
34...0.106 |" 46,.20.3TT) | “53. .90:4029)1 7s, OF] 3340 Of. oue 
35 2¢0:204 1 47.15-0:2231) 500, GOON] Iuaitht) RO ue 4p ena 
30.650;212 1048.4,0.635 1 O00, O15 1G |e non as Oameas 
39.5,0,:220° | AOs-.0:849 «| (Ole.G.5 3911. 73tr Oo Zao gem 
38.50.2291) 502250, 3614 02.270.5500) 446.0408] OOmemren 2 
39 <s0:220 1) Bie Ost 9446250570 Wires. C.c00. Ina fasts 
A0.,-0.247- 1-52)... O:200 4 04.20.5008f JOrtO.007 secrete > 
Al<.:0,257 | 53..0:403) 11052. (01017 mer) 0:02 70) oO nm. 5Ge 
42...0.207, | 54;..0:419) 1} 66.2.0,030.1, 75 ...0.0500 | 00s kA ra 
A3280.279 1) 55.00.42 351,07 +Os00T | 7 UOC 


Tensions at intermediate temperatures are approximately calcu- 
lated by taking the Arithmetical Mean of the tensions given in the 
table, at temperatures immediately above and below the given 
temperature. 


EXAMPLE.—Find the approximate tension of aqueous vapour at 
56.6. Wound woss be 
Vide Table: 56° F.=0.449 inch. 
57. F.=0.465 4, _ 
2)0.914 : 
0.457 inch =approximate tension at 56.5° F. 


79 «©E.= 0/990 inch. 
$0. Hoe T.oge 


99 
2)2.013 inch. 


1.006 inch = approximate tension at 79.5° F. 


To Calculate the Weight of a given Volume of Air satu- 
rated with Moisture at a given Temperature and Pressure.* 
—Consider the total volume of saturated air to consist of a volume 
of dry air plus a volume of aqueous vapour. 

1. Calculate the weight of an equal volume of each at the same 
temperature and at their respective pressures. 


Fe Vede Ups t2, itd. 
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2. Add these results together: their sum is the weight of satu- 
rated air. 

To work out the pressure of aqueous vapour, Tables are neces- 
sary, as already indicated. 

Let P=total pressure of the combined volumes of “dry” air 
and aqueous vapour. 

Let p= pressure of aqueous vapour only. 


.. P—p=pressure of “dry ” air. 


ExAmpLEe.—Find the weight of 1 litre of air saturated with 
moisture at 15° C. and 730 mm. pressure. 

P=730 mm.=pressure of combined volumes. 

pat 15° C.=12.7 mm. (vide Table). 

P—- p=730—12.7=717.3 =pressure of “dry” air. 


417.3X273X1 


) 760 x (273 +15) 
=0.89 litre. Its weight =0.89 x 1.293 =1.15 gramme. 


1.(a) Volume of dry air at15°C.and 717.3 mm. = 


1. (6) Volume of aqueous vapour at 15° OC, and 12.7 mm. 
£2.79 273% 5 
~ 760 x (273 + 15) 
Its weight = 0.158 xX 1.293 =0.204 gramme, 
And 0.204 x 0.623 (relative density of aqueous vapour) = 0.127 
gramme. 


.. Weight of saturated air = 1.15 +0.127 
=1.277 gramme. 


=0.158 litre. 


ExampLe.—Find the weight of 1 cubic foot of saturated air 
at 60° F. and 30 inch pressure. 
P= pressure of combined volumes = 30 inches 
ere ,, aqueous vapour at 60° F.=0.518 inch 
Pew, , “dry” alr=30—0.518 = 209.482 inches 
(x) (a) Volume of 1 cubic foot of dry air at 60° F. and 29.482 
inches. 


= ope So 32) 01 Se) ect a pare CALE E = 0.929 cubic inch. 
30 x (459 + 60) 3° X 519 
Its weight =0.929 x 567 = 526.743 grains. 
(6) Volume of 1 cubic foot of aqueous vapour at 60° and 
0.518 inch. 
O.518X49I XI 
ee ae 
Its weight = 0.016 x 567 =9.072 grains, 


=0.016 cubic inch. 
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9.072 x relative density of aqueous vapour =9.072 x 0.623 = 
5.652 grains, 
.. Weight of saturated air at 60° F. and 30 inches 
= 526.743 + 5.652 = 532.395 grains. 
The weight of 1 cubic foot of dry air at 60° F. and 30 inches is 
30X 491 XI 
20 tg 


So that a volume of moist or saturated air is lighter than an 
equal volume of dry air under the same temperature and pressure. 


x 567 = 536.38 grains. 


The diminution in density and weight is due to expansion of total 
volume. 

Let a b cd (Fig. 7) represent 1 cubic foot of dry airand A BC D 
the increased volume of this air plus moisture, 1 cubic foot abcd 
of this augmented volume will weigh less than the same volume of 
dry air because of expansion and rarefaction, but the weight of 
the volume A B C D will, of course, be greater. 

“Dry air” denotes air containing no aqueous vapour—z.e., its 
“humidity is zero.” Humidity of the air is the weight of 
aqueous vapour present in a given volume of air, expressed as a 
percentage of the weight of vapour at saturation which would 
occupy the same volume at the actual temperature. (Everett.) 

A volume of air at any temperature can contain a definite 
quantity of water vapour. When the contained water vapour is 
the greatest amount possible at that temperature, the air is 
“saturated.” It is then at maximum humidity. This is the 
‘“‘dew-point,” which is therefore the temperature of saturation 
(vide p. 32). 

Air holding less than its maximum amount of aqueous vapour 
will be saturated by that same quantity of moisture when its tem- 
perature falls to dew-point. If in excess, moisture is deposited 
on solid surfaces, forming dew. 

‘¢ Absolute humidity ” or “ absolute moisture ” is the weight of 
water vapour (expressed as grammes or grains) actually present in 
a known volume of air at a certain temperature. 

It is estimated by ascertaining from Tables the maximum pres- 
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9) 
sure or tension of water-vapour at the temperature of the dew- 
point. 


e.g. Dew-point = 49° F. Tension = 0.348 in. = Absolute humidity. 
‘* Relative humidity ” is expressed as : 
(1) Weight of water actually present in a known volume of air 
Weight of water which would saturate the same volume of air 
Or: 


(2) Tension of aqueous vapour at the temperature of the dew-point 
Tension of aqueous vapour at the temperature of the dry bulb 


rg 


a 
=s 


(3) 
——} 


— 
=32 
=ii 


| 


a 


Eis Ln) 


Fic. 8.—Daniell’s Hygrometer. 


By the first method the weight of water is calculated as already 
indicated (pp. 26, 29). 

In the second formula the vapour tensions are obtained from a 
Table : 


EXAMPLE.—Dew-point temperature = 52° F.=0.388 inch. 
Co Dry-bulb 5 tO AES ony eas 
(Vide Tables.) 
: er 0.388 
.. Relative humidity = eg 
_ Here saturated air is taken as 1; in 100 parts the relative 
humidity is 67.4 per cent. of saturation, or 0.674 x 100. 
On the Continent “maximum moisture” denotes the maximum 

‘quantity of aqueous vapour which air can take up at a certain 
temperature. A volume of air at any known temperature can 
contain a definite quantity of water vapour, and Tables of maximum 
‘moisture at various temperatures are constructed. 

_ The difference in pressure between maximum (saturation) and 
absolute moistures is known as the “ deficiency of saturation. 


= 0.674 (nearly). 
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ExAMPLe.—Relative moisture=70 per cent. Temperature = 
Be, 

Find the absolute moisture. 

At 17° C, maximum moisture = 14.4 mm. (per Table). 


*, 100 : 14.4 :: 70 : & #=10.08 absolute moisture. 
14.4 — 10.08 = 4.32 =deficiency of saturation (Lehmann). 


In this country complete saturation is denoted as 100 parts by 


Fic. 9.—Regnault’s Hygrometer. 


- 


weight of aqueous vapour and relative humidity is expressed as a 
percentage of saturation. 

A relative humidity of 75 per cent. means, therefore, 75 per 
cent. of saturation. 

The drying power of the air is 100 — relative humidity, so that 
100-478 = 29 per cent., which is the drying-power of the air with a 
relative humidity of 7 ‘. 

The dew-point is ascertained (1) directly by hygrometers or 
‘instruments of condensation ”—Daniell’s (Fig. 8), Regnault’s 
(Fig. 9), or Dines’ (Figs. 9a, 9b). (2) By hygrometers of absorption: 
(a) De Saussure’s, consisting of a weighted human hair free from 
grease, which elongates as humidity increases and contracts as it 
diminishes and moves an index; (0) by the chemical hygrometer, 
consisting of U-tubes (containing a dry hygroscopic substance) 
which are weighed before aud after the aspiration through them 
of a known volume of moist air. (3) Indirectly by the dry- and 
wet-bulb thermometer or psychrometer (hygrometer of evapora- 
tion) with Glaisher’s or Apjohn’s formula, 
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I. Directly. 

In all cases take the reading twice: (a) the moment the film of 
moisture appears; (6) when it disappears. The mean of these 
observations gives the correct dew-point temperature. If only 
one reading is taken the first would be a little below, and the 
second a little above the true dew-point. 


DINES tuproveo HYCROMETER. inn 
Se CASELLA, LONDON 


es 


a 


Hl ill 
AAT 
Hy 
Ui | 
a 
I 
i 
y%, 
| 


al ga. ADs ‘Hygrometer, latest modification. 


B reservoir for ice-cold water turned on by tap D. 
P plug in separate tube for running ether instead of water into chamber C 
containing thermometer-bulb and covered by black glass slab for observing 


moisture. 
ExampLe.—Temperature when film forms 49.6° F, 
ie “ ,, disappears 49.8" F. 
2)99-4 


Dew-point = 49.7° F. 
Cc 


34 CALCULATIONS IN HYGIENE 


The mean of aseries of observations is more accurate. 

II. Indirectly by the dry- and wet-bulb hygrometer or 
psychrometer. 

(«) Glaisher’s Formula.—this is an empirical one, founded 
on observations extending over several years in various latitudes. 

To use this method a Table of Glaisher’s Factors (for each reading 
of the dry-bulb thermometer) is indispensable. 


Fic. 90.—Dines’ Hygrometer, old pattern. 


Metnop.—(1) Take the reading of the dry- and wet-bulb 
thermometers at the same time. 

(2) Subtract the latter reading from the former. 

(3) Multiply the difference by the “ factor” (vide Table) corre- 
sponding to the dry-bulb temperature. 

(4) Deduct the product from the dry-bulb reading. 


Let T, = Temperature of the dry-bulb. 
TT see Re 9 «95> Wet-bulb. 
F =Glaisher’s factor opposite the dry-bulb temperature. 


. Dew-point = T, — {(Tg—-T,,) x F.} 
EXAMPLE,—T,,= 62° F, 
5 Ae Salty te 
F (at 62° F,) =1.86. 
... Dew-point = 62 — {(62 — 51) x 1.86} 
= 62-— {11 x 1.86} 
= 62 — 20.46 
vated oy 
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TABLE OF GLAISHER’S FACTORS. 


Hygrometrical Tables, adapted to the use of Dry- and Wet-Bulb 
Thermometers, by JAMES GuarisuER, F.R.S., c&c., 1885. 


Reading 
of Dry- 
Bulb 
Thermo- 
meter. 


Fahr, 
IO 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 


Factor. 


OM Ans COC 


90 90 90 0 G0 G0 Go 90 90 
NO 


Mm Ons ws sy ~~ 


oO 


Reading 


Factor. 


Reading 


| Reading 

\| of Dry- 
Bulb Factor. 

|| Thermo- 

meter, 

Fahr. 
79 1.69 
80 1.68 
SI 1.68 
82 1.67 
83 1.67 
84 1.66 
85 1.65 
86 1.65 
87 1.64 
88 1.64 
89 1.63 
go 1.63 
QI 1.62 
92 1:02 
93 1.61 
94 1.60 
95 1.60 
96 1.59 
ey! 1.59 
98 1-58 
99 1-58 
100 ay, 


(6) Apjohn’s Formula.—By this method the vapour tension, 
or pressure, at the temperature of the dew-point is first obtained, 
and from it the dew-point is ascertained by reference to a Table of 
Vapour Tensions. The use of this Table is therefore indispensable 


for working Apjohn’s formula. 


Mernop.—I. Vapour tension at the dew-point. 
(1) Observe the readings of the dry- and wet-bulb thermometers 
at the same time. 
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(2) From a table of vapour tensions obtain the pressure in 
inches of mercury at the temperature of the weé-bulb. 

(3) Note the height of the barometer in inches. If nearly at 
sea-level pressure (30 inches) this may be neglected. 


Let T,=Temperature of the dry-bulb (i.e. of the air). 
es a »,  wet-bulb. 
V.p.,.=Vvapour pressure at the temperature of the wet- 
bulb. 
H = height of the barometer. 


Vapour pressure at the dew- point 


=A Bi (= x =) for temperatures above 32° F. 


‘ 


=V.p.y— — f below 32° F. 
i ( 96 ” 30, ; 


The height at sea-level is practically 30°, so that the fraction 


ait 1, and may therefore be neglected, and the formula 
then becomes : 
° Ty a gh ° 

Vapour pressure at the dew-point = V.p.,, — REP ae 2.6.) as the 
temperature of the air (dry-bulb) is above or below 32° F. 

II. Having obtained the vapour pressure at the dew-point 
expressed in inches, ascertain from the Table the temperature 
corresponding to this tension. This gives the “ dew-point” itself. 


ExampLe.—Taking the same temperatures as in the last example 
of Glaisher’s Formula: 

i. 02" Rea, 

Vapour tension at T,,=0.374 inch. (Vide Pressure Tables, 
Pp. 28.) 

B= 28.9 inches. 


; . Yee 62—51 28.9 

.. Vapour tension at dew-point = 0.374 — (ESE =e) 
II 

= 0.374 — 85 xX 0.963 


= 0.374 —0.122 
=0.252 inch. 


II. Inthe Table of Aqueous Vapour Pressures 0.252 is not given, 
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but it lies between 0.247 and 0.257, which respectively correspond 

to 40° F. and 41° F. 0.252 is found to be the mean of these 

0.247 +0.257 
2 

ture may be taken as approximately the mean of 40° and 41° F., w.e., 


pressures : = 0.252, and the corresponding tempera- 


EL 


.. Dew-point = 40.5° F. 


The result obtained by Glaisher’s Formula is 41.54° F., so that 
the discrepancy is the comparatively slight one of 1.04° F. 


Weight of Air.— METHOD. 
—A glass globe fitted with a 
stop-cock and of known capacity 
(preferably 12 to 13 litres) is ex- 
hausted of air and weighed in a 
balance (‘“‘ baroscope,” Fig. 10). 
After equilibrium is established 
dry air is admitted by opening 
the stop-cock, and the weight 
of the globe is taken again. 

EXAMPLe.—Capacity of globe 
= 13 litres. 

Difference in weight between 
globe when full of air and 
when exhausted of air = 16.809 
grammes, 


Weight of air = 


16.809 


=F rownsons WeRcER 
1.293 grammes per litre, which F1G. 10.—Buroscope. 
is the weight of dry air at N.T.P. 
If the density of 1 litre of water is taken as 1000 (at 4° C.) the 


E207ts t 


== =— (=0.00120) 
FOCOpe 773 

—i.é., air is 773 times lighter than water; vice versd, water is 
773 times heavier than air. 

In a mercurial barometer the usual height of the column is 30 
inches (2.5 feet); mercury being 13.6 times denser than water, 
in a water barometer the equivalent height is 2.5 x 13.6 = 34 feet. 

Glycerine is 1.26 times denser than water (= 1), the height of 
the column of the glycerine barometer is therefore less, varying 
inversely as the density. 

To calculate it from the above data: 1.26: 1:: 34: «=27 feet. 


ratio of an equal volume of dry air to it is 
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Again: mercury is nearly ten times denser than glycerine (32) 


", 1.26: 13.6: : 30: %©=27 feet (as before). 
.. Mercurial column: 30 inches=water column 34 feet = 
glycerine column 27 feet. 


Barometric Corrections. 


1. Correction for Capacity.—This is not necessary in the 
Fortin, Kew, and Siphon barometers. Howson’s and McNield’s 
long-range barometers are self-adjusting, the bore of the tube is 
not less than one inch, and they are unaffected by differences of 
level in the cistern and need no adjustment for the neutral point. 
In the Fortin barometer the mercury in the cistern is raised or 
lowered to the correct level (‘fiducial point ”) by means of a screw 
at the base of the instrument. 

The Kew barometer has corrections all along the scale, which 
is divided into shortened, and not true, linear inches. (The 


divisions are less than true inches in the ratio of Oar a (wide 
infra). 

The siphon barometer adjusts itself as the rise in one limb is 
compensated by a fall in the other, and vice versd, and the true 
reading is the difference of level in its two scales. 

Barometers not having the above adjustments have a “ neutral 
point” marked on the scale of the instrument. At this point the 
mercurial column gives the correct reading, and the mercury in the 
cistern is at the proper level. 

Let T = internal sectional area in square inches of the barometer 
tube. : 

Let C =area of the cistern after deducting that occupied by the 
tube and its contents. 

Let D=distance in inches of the summit of the mercurial 
column from the neutral point—above or below it. 


T 
Correction = D x G 


This is to be added to the observed reading if the mercurial 
column is above the neutral point, and to be subtracted if below 
that point. The “correction” is calculated and supplied with 
each instrument by the makers. 


Shee: 
EXAMPLE.—— = — (“correction ”). 
C50 
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Observed reading = 30.560 inches, summit of column being 
2 of an inch above the neutral point. 
3 


: I 
.. Correction =° X —=0.015 inch. 
A250 


As the mercurial column is above the neutral point, this is to 
be added to the observed height ; 


-. 30.560 + 0.015 = 30.575 inches as the correct height. 


2. Correction for Capillarity.— Unless the internal diameter 
of the barometer tube exceeds 0.6 inch, the mercurial column 
is slightly, and appreciably, depressed by capillary action due to 
surface tension between the surfaces of mercury and glass. If 
the mercury has been boiled in the tube the depression is reduced 
to half what it would be if unboiled. The correction is always to 
be added to the observed reading, and is calculated from the 
height of the meniscus and from the internal diameter of the tube. 
Tables of correction are supplied with each instrument. The 
Kew Certificate gives the capacity and capillarity corrections and 
index error in one figure for all readings. 


Table of Corrections for Capillarity (only), to be added 
to all Readings. 


N.B.—To be halved for Boiled Tubes. 


Diameter of Tube. Depression in Unboiled Tube. 
Inch, . Inch. 
0.60 0.004 
0.55 9.005 
0.50 0.007 
0.45 0.010 
0.40 0.015 
0.35 0.021 
O36 0.029 
6.25 0.041 
areola 0.058 
0.15 0.086 
0.10 0.140 


3. Correction for Index Errors.—These include (1) errors 
in position of the zero-point, and (2) errors of graduation along 
the scale, and are special for each instrument. ‘“ Anerror of zero 
makes all readings too high or too low by the same amount.” 
The Kew corrections include index error, capacity and capillarity 
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errors at every half-inch of the scale. No instrument is passed 
-as a ‘‘ Standard” if the errors exceed 0.01 inch. 

4. Correction for Temperature, or ‘‘ Reduction to 32° F.”— 
Variations in temperature cause expansion or contraction of both 
the mercury and the metallic scale of graduations. 

Each of these must be corrected in a Standard barometer. 

(1) Correction for the mercury only. 

(a) In the Fahrenheit scale the coefficient of expansion of 


I 
mercury is =0.0001 per 1° F., é.¢., it expands ee of its 


length at 32° F. for each 1° F. above that temperature. 

It also contracts to the same extent per each degree below 
Bo Tek. 

Reducing to the temperature of 32° F.: 

Corrected height of barometer at 
Observed height of barometer 

I + {o.o0o01 x (F.° — 32)} 

‘“< F,” = temperature of the thermometer attached to the barometer, 

which indicates the temperature of the column of mercury. 


ExampLe.—Observed height of barometer = 29.5 inches. 
temperature of attached thermometer = 


2 akccs 


99 


58.6° F. 
Corrected height at 32° ee eee 
I + {0.0001 x (58.6 — 32)} 

29.5 


Bi Wea Wak PST sey BAB ya ele BY 2 inches. 
I+ {0.0001 x 26.6} 1.00266 9:4 


(6) In the Centigrade scale the coefficient of expansion of 


e fq e 
mercury per 1° C. is —— =0.00018, and reducing to o° C.: 
550 


Corrected height of barometer at o° C. 
_ Observed height of barometer 
1+ {0.00018 x C.°} 


Notr.—The observed height is expressed in millimetres. 
C° =reading in Centigrade degrees of attached thermometer. 
HxaMPLE.—Observed height = 761.75 mm. 
temperature = 8.6° C. 


791.75 = 70075 
I+ {0.00018 x 8.6} 1.001548 


2? 


Corrected height at o° C.= 
= 760.72 mm. 
(2) Corrections for both the mercury and the brass-scale. 
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(a) Fanrennerr.—The coefficient of expansion of brass per 


1° F. at 62° F.=o0.0000r. (N.B. — less than the corresponding 
ime) 


coefficient of expansion of mercury.) 
Corrected height at 32° F.| =Observed height of barometer 
(z.e. True reading) minus : 
{ Observed height of barometer x (F.° — 32) x 0.000089. } 
(F.° =temperature of attached thermometer.) 
Nore.—‘‘ 0.000089 ” = coefficient of expansion of Hg, minus 
ditto of brass, 2.¢., 0.0001 ~ 0.00001. ‘ 
Nore.—The correction must be subtracted from the ‘‘ observed 
height,” which term occurs twice in the formula as given above. 
ExAmpie.—Observed height of barometer = 31.5 inches. 
Observed temperature of mercurial column indicated 
by attached thermometer = 58° F. 
. Corrected height at 
32° F. = 31.5 — {31.5 x (58 — 32) x 0.000089 } 
31.5 — {31.5 X 26 x 0.000089} 
atte OFF 29 
= 90.771 inches. 


(6) CenticRape.—The coefficient of expansion of brass for each 
degree is 0.c00018, and of mercury 0.00018. 


Corrected height at 
o° C.= Observed height — {Observed height x C.° x 0.00016}. 
C = temperature of attached thermometer in Centigrade degrees. 


ExampiLE.—-Observed height = 787.1396 mm. 
Observed temperature = 14.5° C. 


Corrected height at 


0° C= 787.1396 — {787.1396 x 14.5 x 0.00016} 
= 787.1396 — 13.1600... 
=773.978 mm. 
Note.— 0.00016 ” = cveflicient of expansion of mercury, minus 
coefficient of expansion of brass, 7.¢.= 0.00018 — 0.000018. 
Schumacher’s formula for the correction for mercury and the 
brass-scale, reduced to 32° F., is as follows: 


F = temperature of attached thermometer in degrees Fahrenheit. 

0.0001 = coefficient of expansion of mercury at 32° F. 

0.00001 = coefficient of expansion of brass-scale at standard 
temperature of 62°F. 
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Corrected height at 32° F 


= Observed height, minus or plus : 


; 0.0001 x (F. — 32) — 0.00001 (F. — 62) 
{ Observed height x Tne Wee ono ee eee ocd ees) \. 


The “ Correction” is to be subtracted (—) from the observed 
height at 29° F. and all higher temperatures, but is to be added 
(+) to it for all temperatures below 29° F. See Table of Correc- 
tions (Scott). 


Corrections to be applied to Barometers with Brass Scales 
extending from Cistern to the top of the Mercurial Column to 
reduce the observation to 32° F. 


Temperature. Observed Height of Barometer in Inches. 


Degrees F.| 28.0 »|.28.5°5 20.0 | 20-5 1 3010 | 3G Foi oie 


27 + 0.004 All through. 

28 + 0.001 as 

29 — 0.001 > 

30 — 0.004 9 

40 — 0.029 | 0.029 | 0.030 | 0.030 | 0.031 | 0.031 | 0.032 

50 ~ 0.054 | 0.055 | 0.056 | 0.057 | 0.058 | 0.059 | 0.060 

60 — 0.079 | 0.080 | 0.082 | 0.083 | 0.085 | 0.086 | 0.087 

70 — 0.104 | 0.106 | 0.108 | 0.109 | 0.111 | 0.113 | 0.115 
~ 80 — 0.129 | 0.131 | 0/133 |(0.136 | 0.138 10,140 KO.143 

go — 0.153 | 0.156 | 0.159 | 0.162 | 0.164 | 0.167 | 0.170 
100 — 0.178 | 0.181 | 0.184 | 0.188 | 0.191 | 0.194 | 0.197 


5. Corrections for Altitude, or ‘‘ Reduction to Sea-Level.’’ 
—If the atmosphere were a homogeneous medium of uniform and 
constant density and incompressible, its height could be calculated 
from the pressure at sea-level as observed by the barometer, and 
from the densities or weights of air and mercury relative to water. 

Weight of atmosphere at sea-level = mercurial column 30 inches 
high. 


Weight of air=o0 oo129 co ; : ; |e m 


. », mercury = 13.6,7.¢., 10543 times that of air 


". 0.00129 : 13.6: : 30 : height of atmosphere (“ homogeneous ”). 


‘ ay 
*. height of atmosphere = — see 
0.00129 


= 316,000 inches, 26,333 


feet, or nearly 5 miles. 
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In a homogeneous atmosphere the fall of the barometer would 
be regular, the pressure diminishing with the ascent, and depend- 
ing on the weight of the vertical column of air between points at 
different levels. By the simple proportion : 


30 inches : 1 inch :: 26333 feet : « feet. 


The fall would be 1 inch for every 877.8 feet of ascent, or in 
round numbers about 880 feet. This does not hold good, because 
air is not a homogeneous medium, and is affected by pressure, 
temperature, movement (wind) and moisture. The average fall in 
the barometer is, therefore, determined by experiment, and is 
only an approximate estimate. In Great Britain the decrease is 
rt inch for every goo feet of ascent from sea-level—t.e., 0.001 inch 
per foot, omitting variations of temperature, pressure, &c. 

For the British Isles the standard sea-level adopted by the 
Ordnance Survey and Meteorological Offices is the mean sea-level 
at Liverpool—z.e., half the average range of fluctuation between 
high- and low-water mark. From this “datum” altitudes of all 
localities are calculated, and are marked on the Ordnance Bench 
Marks and Survey maps. 

All barometric observations must be reduced to sea-level, and 
corrected to standard temperature (32° F.) for comparison. The 
“correction” for places above sea-level is to be added to the 
observed local reading; and to be subtracted for localities below 
sea-level which are exceptional. 


If n=altitude of place above sea-level in feet. 
«= correction for altitude in inches. 
Goer iis 1 1 an 2 = X O.OOT inch, 


EXxampie.—Altitude = 4500 feet above sea-level. 

Observed reading at this altitude=27.3 inches (corrected to 
Bocel!.): 

“ Correction” 1: 4500:: 0.001: 2. w= 4.5 inches. 

Reduction to sea-level = 27.3 + 4.5 = 31.8 inches. 

For correct records the temperature of the air must be taken 
by a dry-bulb thermometer, and not by the instrument attached 
to the barometer, and the pressures of the barometer should be 
taken, if possible, simultaneously at the higher altitude and at the 
sea-level. 

Correction for Unequal Intensity of Gravity.—This is 
usually omitted. It is calculated as follows: 

Let H =height of barometer in inches at 32° F. 

G =acceleration due to gravity in feet ( = 32 ft. per second). 
13.6 =density of mercury relative to water at 32°. 
Absolute pressure = H x G x 13.6. 
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To convert Barometric Readings in Inches into Milli- 
metres. 
r metre at o° C. = 39.37 inches or 3.3 feet. 
1 inch at .o° C.—25.4 mm. 


Therefore, a reading of 31.4 inches = 31.4 X 25.4= 797.56 mm. 

A fall of 1 inch for every 900 feet of ascent corresponds to a 
fall of 25.4 mm. for 274 metres, which is approximately a fall of 
1 mm. of mercury for every 10.8 (or 11) metres of altitude. 

The “correction” is therefore as follows : 


Let »=altitude of place above sea-level in metres. 
«= correction for altitude in mm. 
TUL UR aL 


Exampie.—Altitude above sea-level = 468 metres. 
Observed reading at 20° CU. reduced to 0° C.= 
740 mm. 


“ Correction "1 < 20S). 2.1 4 an "haan: 
Reduction to sea-level = 740+ 42.5 = 782.5 mm. 


Formula for measuring Heights by the Barometer.— 
Altitudes are usually estimated by aneroid barometers specially 
graduated for the purpose and corrected by the use of ‘ Altitude 
Tables.” 

If mercurial instruments are employed simultaneous readings 
should be taken at sea-level and at the higher altitude. The 
method is similar to the one for reduction to sea-level. 


EXxAMPLe.—Sea-level reading = 31.5 inches. 
Reading at higher altitude = 28.4 inches. 
Difference = 3.1 inches. 


Height above sea-level : 1: 3.1 :: 900: a”. #=2790 feet. 


Strachan’s Formula.—-This necessitates the use of an aneroid 
barometer. Take the upper and lower readings in inches, tenths, 
and hundredths of an inch (i.e., to two decimal places), subtract 
one from the other and treat the result as if it consisted entirely 
of whole numbers (move the decimal point two places to the right, 
i.e., multiply by 100, converting decimals into whole numbers), 
and multiply by 9; the result gives the required height in feet. 


ExamPLE.—Reading at lower level = 32.53 inches. 
: ” 9 PPPS ase 28.41 ” 
Difference = 4.12. Take 4.12 as 412 (no decimals). 
“. 412 X 9 = 3708 feet =altitude above sea-level. 
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The Vernier (Figs. 11 and 12).—The length and subdivisions 
of the Vernier-scale are in relation to the fixed scale of the 
barometer. 


The scale on the barometer is divided into: 
inches and half-inches. 


‘ I 5 
tenths of an inch = recegen! inch, 


half-tenths of an inch = —=0.0 5 inch, 
20 
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Fic. 11.— Vernier. Frc. 12.—Vernier. 


which form the smallest divisions on the barometer scale; and 
twenty-four of them are equal to 0.05 x 24= 1.2 inch, 

The Vernier-scale has 5 large divisions, each of which is sub- 
divided into 5, making 25 in all. These 25 are equal in length to 
24 of the o.s inch divisions of the fixed scale, and are therefore 
equal to 1.2 inch in length, so that each small division equals 42, 
or 0.048 inch,and one large division on the Vernier-scale = 5 x 0.048 
= 0.24 inch. 

The difference between the smallest divisions on the two scales 
is equal to 0.05 — 0.048 =0.002 inch; therefore each small division 
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on the Vernier is 0.002 inch smaller than that on the fixed scale, 
and each of the larger Vernier divisions indicates a difference of 
5 X0.002=0.01 inch. A longer line placed at these points is 
marked 1, 2, 3, 4, and 5, corresponding to o.01, 0.02, &c., or 
hundredths of an inch. 

To take a reading (after noting the temperature of the attached 
thermometer and adjusting the cistern-level, &c.), bring the lowest 
(zero-) line of the Vernier exactly on a level with the top of the 
mercurial column (‘ tangential” to the convex surface). If it is 
on a line with one of the divisions on the fixed scale, read off the 
height on the latter only, the Vernier-scale is not required. 

If the mercury-level lies between two of the smallest divisions 
of the fixed scale, adjust the Vernier as before, read off the height 
on the fixed scale in inches, 0.1 inch, and to the nearest 0.05 inch 
which lies «mmediately below the top of the column. 

Next follow up the smallest divisions on the Vernier-scale until 
one of them is found exactly level with a line on the fixed scale. 
(1) Count how many of these small Vernier divisions intervene 
between the zero-line (level with the mercury) and that on the 
fixed scale, multiply them by 0.002 inch, and add the result 
to the partial reading already obtained on the fixed scale. 
(2) The figures on the Vernier may be utilised instead of oe 
above method: Note the Vernier figure (“1,” “2,” * 3,” 
“4,”) immediately below the “junction” of the scale-lines, coe 
consider it as 0.01, 0.02, 0.03, or 0.04 inch and add it to the reading 
of the fixed scale. Multiply any smaller divisions lying between 
this point and the “ junction” by o.002 and add the result, the total 
of these three readings is the correct one, and will be the same 
as that obtained by the first method (1). 

Exampie.—Fig. 11. Zero-line of Vernier is level with top of 
mercurial column and also with line of fixed scale. The reading 
is taken entirely by the latter, the Vernier is unnecessary. 

Reading: 29.5. 

Fig. 12. 1. Reading by fixed scale: 29.6 (inch- and o.1 inch- 
divisions). 

a Paar Ae »» 005 (immediatelyibelow top 
of column). 
1. Reading by Vernier-scale: (1) 17 small divisions 
intervene between the zero-line of the Vernier and the “ junction ” 
line (level with one on the fixed scale): 17 x 0,002 =0.034 inch. 

Therefore 29.6 
0.05 


0.034 
Correct reading = 29.684 inches. 
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(2) Instead of reading as above: Note that in Fig. 12 the 
figure “3” on the Vernier-scale is immediately below the “ junc- 
tion”; this represents 0.03 inch. Between this point and the 
‘junction ” there are two small divisions; therefore 2 x 0.002 = 
0.004. 

We have therefore by fixed scale: 29.6 

sa a 0.05 
», Vernier-scale : 0.03 
0.004 
Correct readiny = 29.684 (as above). 
Temperature.—BritisH Mreruop. F.° scale. 


I. One observation daily, 9 A.M. 
f.g. On Feb. 21 at 9 AM. Maximum registered 43.5° F. 


Minimum = ~29.0° F, 
Maximum reading = maximum temperature of previous afternoon 
Minimum _se~6 = minimum a », Same morning 
i.e. ‘ February 20 (afternoon) = 43.5° F. 
* 21 (morning) = —29.0° F.” 


Daily mean temperature : 


II. (1) Two observations daily, 9 A.M.=58.6)\105-I _ oF 
: Sens): 2 ieee ee 
Or shade maximum { sf ae Hit 
(2) Zs ie —— = 51.9 = daily mean. 
» mininum { ae 4 
= 43.5 


2P M.=48.0 


POM = 29.2" 


III. Three observations daily, 6 A m.=42.5° F.) ,,5. 
. ‘ = 40.9 daily 
mean. 


ContrnenTAL Mernop.  C.° scale. Three observations at 8 A.M. 
2 and to P.M. marked+and-—if respectively above and below 
o° ©. The results are added algebraically (subtracting — signs) 
and the ro P.M. observation is doubled, 7.e., added twice, and the 
total result is divided by 4. F.g.: 


8 am.= —6°C. 
Pee Il1-6=+5. 3 = 41.28°C, daily 
(Twice) Pon mean temperature. 


(10 P.M.= +3 
Sum of the daily means 


Monthly mean temperature = po of days in the month 


Sum of monthly means 
Annual C 4 = = 


48 CALCULATIONS IN HYGIENE 


Daily range or amplitude of temperature : 
Shade maximum — Shade minimum temperature for that day. 


Sum of the daily ranges 
Number of days in the month 


Monthly mean range: 


Daily maxima of month — Daily minima of month 


et Number of days in month 
Sum of monthly mean ranges 
Yearly mean range : <i wi 
Daily maxima of year — Daily minima of year 
or, : 


365 

Solar radiation: Sun-maximum — Shade 
maximum temperature. 

Better: Sun maximum minus open-air 
temperature taken when the sun-maximum 
thermometer is at its highest point. 

Terrestrial radiation =Shade minimum — 
‘‘ orass minimum ” reading. 

Graduation of the Measuring-Glass of 
a Rain-Gauge.—The usual diameters of the 
rim of the rain-gauges (Fig. 13) used in this 
country are 5 (Symons’ ‘“‘Snowdon ”) and 8 
inches (Glaisher’s). The latter diameter is 
used by the Meteorological Office and by the 
= British Association. 
¥iG. 13. —Rarin-gauge. Let D=diameter in inches. R-=radius. 

D=2 R. 
C =circumference of rim. 


7 = 3.1416 (ratio of circumference to diameter = 22) 
C=2nR. Area of circle=7R* 


If D=5 inches, 
Area of receiving-surface of rain-gauge = 3.1416 x (2.5)? 
= 3.1416 X 6.25 
= 19.635 sq. inches. 


One inch of rainfall on this area = 19 635 x 1= 19.635 cubic inches, 
or half an inch of rainfall = 9.8175 cubic inches. 

1.73 cubic inch=1 fluid ounce, .*. 9.8975 cubic inches = 5.675 
ounces of rain. If this amount of water be poured into a non- 
graduated measure-glass and the level marked with a line, it will 
represcnt the height of half (0.5) an inch of rainfall on the receiving 
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area of the gauge. This height on the glass is subdivided into 50 
equal parts, and each denotes ;4, of 4 inch, or 0.02 x 0.5 inch of rain 
=o.o1, or one-hundredth of aninch. The amount collected when 
poured into the measure-glass can at once be read off in decimals of 
an inch. If D=8 inches, area = 3.1416 x (4)?= 50.2656 square 
inches = 14.5 ounces nearly (4 in. of rainfall), The subdivisions 
are made as before. 

An area of any known dimensions will do for collecting the 
rain and graduating a glass, Conversely, if the amount of water 
required to represent half an inch of rainfall is stated, the neces- 
sary diameter of the rain-gauge can be calculated. 

EXAMPLE.—One ounce of water in the measure-glass is required 
to denote half an inch of rainfall. What must be the diameter of 
the rim ? 

Area of receiving surface enclosed by the rim =7R?, and this 
area when covered with half an inch of rainfall must equal 1 
fluid ounce, 7.¢., 1.73 cubic inches, 

' P: 
pei adO 4 ie x O,.5 1.73. means 
R=,/1.113 =1.055 inch (nearly) 
= 2 D= 2h = 2.11 inches. 


= 0,133 


The diameter of the rim must be 2.11 inches and the surface- 
area will be 3.49 square inches. 

Velocity of the Wind.—The anemometer named after the 
Rev. Dr. Robinson of Armagh is in general use. The length 
of the arms measured from the centres of opposite cups varies 
from 1.12 feet to 2 feet. 

In the first case 1.12 feet is the diameter of the circle described 
by the centre of each cup as it revolves. 

.. Circumference = 27R= 7 x diameter = 3.1416 X 1.12 = 3.52 
feet. 

If the cups are considered to revolve at one-third the velocity 
of the wind, wind-velocity = 3.52 x 3 =10.56 feet per each revolu- 
tion, and to calculate the number of rotations per mile : 


10.66: 5280:::1:%, #=500 revolutions, 


Symons (in Stephenson and Murphy’s 7'reatise) considers the 
velocity of the wind to be 2.5 times greater than that of the cups, 

“. 3.52 X 2.5 = 8.8 feet per revolution, and the number of revo- 
lutions per mile =6oo. | 

Using 2.5 as the factor, with a diameter of 2 feet the cir- 
cumference of the circle is 6.28 feet, the wind-velocity 15.7 feet 
per revolution, there being 336.3 rotations per mile. 

The records are not accurate, as the velocity varies with the 

D 
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length of the arms, being below the mark with short, and above 
it with long arms. 
Pressure. of the Wind.—Pressure varies as the square of the 
velocity. 
Col. H. James’ Formula: 


Let P = pressure in pounds per square foot. 
V =velocity of wind in miles per hcur. 


V=/700P, V'=200P, P= V-v?y += vx 0.005, 
200 200 


Examrie.—(1) Pressure in pounds per square foot = 15.25. 
V?= 200 415.25 Boro, 
V =V/3050= 55.22 miles per hour. 
(2) Velocity of wind = 86.8 miles per hour. 
P= (86.8) x 0.005 = 37.67, or 37.7 pounds per square foot. 
Note.—(Velocity in feet per second)’ x 0.0023 = Pressure in 
pounds per square foot (approximately). 
55-22 X 5280 
60 x 60 
(80.96)? x 0.0023 = 15.075, or nearly 15.25 pounds per gq. ft. 


Example (1) as above: = 80.96 feet per second. 


CHAPTER IV. 
VENTILATION: 


Respiration.—Pure air contains on an average : 


Oxygen. ‘ ; ." 20,04 
Hydrogen . ‘ : : ne O.08 
Nitrogen . : ‘ ; » 73.00 
Argon, metargon,; Xe. . : oe E200 
Carbon dioxide . ‘ : : . 456.04" 
: 100.00 


Expired air contains on an average 16 per cent. of oxygen and 
4.4 per cent. of CO,. 

Amount of CO, exhaled at each breath in excess of that con- 
tained in the air=4.4-—0.04=4.36 per cent: An adult male 
breathes about 18 times per minute, and the tidal air averages 
about 25 cubic inches (500 ¢.c.). Amount of CO, expired at each 
breath : | 

TOG 2.2531 4.36.: @. 2= 1.00 cubic inch (27.8 c.c,) 

Per minute = 1.09 x 18 = 19.62 cubic inch (392.4 cc.) of CO, 


,, hour=1177.2 cubic inches, or nearly 0.7 cubic foot. 


Parkes and de Chaumont adopted 0.6 cubic foot per individual per 
hour as the average amount of CO, exhaled in a “mixed com- 
munity,” 2.e., of adults and children. 

Velocity of Inflow and Outflow of Air. — Velocity = 
Volume of air 
Sectional area of aperture 
“ denomination,” 7.e., to calculate a velocity in linear feet the 
volume must be expressed as cubic feet and the sectional area in 
square feet. If the latter is stated in square inches these must be 


converted into square feet. 


=The “terms” must be of the same 


Flow in cubic feet 
Sectional area in square feet’ 


E.g., Velocity in linear feet = 


* According to some investigators the average amount of CO, in pure 
air is but little over 0.3 per cent., or 3 parts in 10,000 by volume, 


52 CALCULATIONS IN HYGIENE 


ExampLe.—(1) An outlet of 48 square inches sectional area 
delivers 12,000 cubic feet per hour. Estimate the velocity of out- 
flow in feet per minute and per second. 


Velocity in linear feet= wee = 4000 feet= ne = 66.6 per 


144 
66.6 
minute, and oe =1.11 feet per second. If + be deducted for 
friction 1.11 — a (=1.11 X 0.75) =0.83 feet per second. 


(2) To find the velocity required to deliver 3000 cubic feet of 
air per hour through an inlet of 25 square inches. 


V = 3209 — 3000 x 144 = 14280 feet per hour 
aS 25 
144 


17280 
~ 60 x 60 


= 4.8 feet per 1”. 


8 
Deducting } for friction : oe 
4 


*, 4.8—1.2=3.6 feet per 1’. 


Friction at every right angle diminishes the velocity by 4. 

.. With 2 right angles velocity = 4. 

(3) The velocity of inflow is 3 feet per second, and the aperture 
has a sectional area of 36 square inches. Calculate the volume of 
air entering per hour. 


6 
Velocity = 3 feet per second. Area= an =} square foot, 


Let volume of in-coming air=2, .°. 3-7 a= cubic foot 


per second, 
= # x 60 x 60 = 2700 cubic feet per hour, 


(4) In a ward for 30 beds it is desired to supply 4000 cubie 
feet of air per head per hour at a velocity of 24 feet per second. 
Estimate the size of inlet required. 

As the velocity is given “‘ per second” and the volume of air 
supply is to be estimated “per hour,” the velocity must also be 
expressed ‘ per hour.” 

V =2.5 x 60 x 60 linear feet per hour. 

Total inflow = 4000 x 30 cubic feet per hour, 

Sectional area in cubic feet = a. 
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", 2.5 x 60x soe 

2.5 x 60 x 60% = 4000 X 30. wx=13.3 square feet = 1915.2 square 
inches. 

For 30 patients = 63.84 square inches per head. 

Therefore 30 inlets each of 63.84 square inches will suffice, or 
60 inlets each of 31.92 square inches. 

Supply of Fresh Air.—De Chaumont estimated that 0.02 per 
cent., or 0.2 per 1000 volumes of CO,, should represent the nase | Peay 
mum amount of respiratory impurity in excess of that existing in 
pure(external) air. As pure air contains G4 voluiie-of UU- vor 
1000, 0.4+0.2=0.6 volume of total CO, permissible in 1000 =0:D6° 
volumes of airin a room. "This 0.6 per tooo volumes must not NB ‘ 


be confused with the 0.6 cubic foot of Co, exhaled per individual 


per hour in a “ mixed community.” 
_ 0.2 cubic foot of added respiratory impurity per 1000 cubic feet 
= 0.0002 per 1 cubic foot of air. If 0.7 cubic foot =amount of 


CO, exhaled per male adult per hour, the calculation for estimating 
the supply of fresh air needed per hour is : 


0.0002:0.7::1:4, e=—2l- = 3500 cb. ft. If instead of 0.7 
; 0.0002 . 


0.72 
0.0002 
—a convenient standard. 


we take 0.72. a = 3600 cb, ft., or 1 cb. foot per second 


Let S=supply of fresh air necessary per hour in cubic feet. 
E=amount of CO, exhaled per individual per hour. 
I=excess of CO, permissible (impurity) per 1 cubic foot 

per hour, 222 nmrvm wl ee 10° DA /e.) we pea 

EK 

tai a 
De Chaumont’s Formula.—De Chaumont considered 0.6 
cubic foot CO, exhaled per individual per hour as a fair estimate inan 


assemblage of men, women and children, so that S Sree — Boe 
cubic feet of fresh air required per person per hour. 
The above estimates are for individuals at rest 
Behe: : a Se eee 
If a man is doing light work, H=0.9. S peere get 000 cb. ft. 
1.8 
4 ee hard, 3,8 = 6. 5= a 


Large supplies of fresh air necessitate large buildings or increased 
velocity of inflow, and augment the cost. In most cases this 


54 CALCULATIONS IN HYGIENE 


cannot be done. In a General Hospital the increase is roughly 
about + more than in health: for a male ward E may be taken as 
=0.9 (as above) and S= 4500 cubic feet. For a female ward H= 
0.8. S=4o000 cubic feet. Inschools E=o0.4. S= eee 
0.0002 

cubic feet. 

If I=CO, added as impurity per 1000 cubic feet of air (instead 
of per 1 cubic foot), 


0.6 
we T * 1000 = — x 1000 = 3000 cubic feet. 


Let E=0.6 ahi ae of CO, expired per individual per hour, 
o 4=C0O, present in 1000 cubic feet of fresh (external) air. 
I= total CO, in 1000 cubic feet of airin room minus 0.4. 
P=number of persons occupying the room (exhaling 0.6 

cubic feet of CO, per head per hour). 
H =number of hours they occupy the room. 
S=supply of air for P persons during H hours: 


OLGS6.P SEL 
I (Total CO, in 1000 eb. ft. of air in room — 0.4) 


Any one term of this equation can be calculated if the others 
are known. 

Exampre.—(1) 5 men work for 8 hours in a room containing 
6500 cubic feet of air. The total supply of fresh air per hour is 
12,000 cubic feet. Calculate the total amount of CO, present in 
the air of the room at the end of that period and also the amount 
of impurity added as CO,. 

Total air supply for 5 men for 8 hours: 

Pure air originally in the room = 6500 cubic feet. 

Additional air supplied during 8 hours=12,000 x 8=96,000 

cubic feet. 


Nees xX 1000. 


6500 + 96000 = 102,500 cubic feet =S. 
Each man expires (say) 0.9 cubic foot CO, per hour = E. 


x = CO, per 1000 cubic feet in roomafter 8 hours .«.l=x%2-0 4. 
O.D Xess 
F 102,500= 3 xX 1000. 


102.5 X (x — 0.4) ENB x 5X0. 


102.50—-41=36. 102.5u=77. 
x=0.75 ft. CO, per 1000=0.075 per cent. 


Added impurity (I)= 0.75 —0.4=0.35 per 1000, or 0.035 per 
cent. It should not exceed 0.2 per 1000 according to de Chaumont’s 
formula, therefore there is an excess of 0.3 5 — 0.2 = 0.15 per 1000. 
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Carnelley’s Formula.—Carnelley, Haldane and Anderson 
allowed a larger excess of CO, than de Chaumont did, as | 
follows : 

(1) For dwelling-houses 0.6 vol. of CO, per 1000 in excess of 
that in fresh air. 

(2) For schools 0.9 vol. of CO, per 1000 in excess of that in fro i 
air. 

As fresh (pure) air contains 0.4 vol. CO, per 1000, — the total ‘i as — 
CO, allowable for (1) dwellings and (2) schools is 0.6 + 0.4 = 1.0 per 
1000; and 0.9 +0.4=1.3 per 1000, respectively. 

ane I for (1)=1.0-0.4=0.6 added impurity per tooo cubic 
feet = 0.0006 per 1 cubic foot. 

for (2)=1.3 —0.4=0.9 added impurity per 1000 cubic feet 

= 0.0009 per 1 cubic foot. 


(7) E=0.6. 
6 

os —s = 1000 (houses). 

(2)— B=04. 
Gece 
= oe = 444 (schools), 
te o.45, S= be a (schools). The latter figure is 
45: 0.0009 3 ; = 


preferable, as allowance must be made for the adult staff of the 
school. 

Exampie.—(2) A male ward in a General Hospital has an 
hourly supply of 112,500 cubic feet of fresh air. The atmosphere of 
the ward must not contain more than a total amount of 0.06 CO, 
per 100 cubic feet. How many beds should there be ? 


S = 112,500 cubic feet per hour. 
E=o0.9 cubic foot, CO, per head per hour aiete cases). 
I=0.6 —0.4 (pure air) = 0.2 per 100c cubic feet of ward atmos- 


phere. 
P=is to be calculated. 
1 ==7 hour. 
Oro HEP xy 
ett 2,00 = X TO0G, 
oe 


irae, age La ee 25 


There should be accommodation for 25 male patients. 
(Nore,—The air originally present in the ward is omitted.) 
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ExAmpLe.—(3) In a school 6 5 children work for 5 hours, and 
the air at the end of that time is found to contain 0.13 per cent. 
of CO,. Find how much air is supplied during the entire period, 
and also per individual per hour. 


Taking E as 0.45 cubic foot CO, evolved per head per hour. 
P=65. H=5. 0.13 per cent. ='r.3 per thousand. 
*. [=1.3 -0.4 CO,=added impurity per 1000 cubic feet of air 
in schoolroom. 
S is to be found: 
Agus Oto 05 2s eee 
I.3-0.4 
lee xX 1000. 
0.9 
= 162,500 feet per head during 5 hours; 32,500 cubic feet 
per hour, or 500 cubic feet per individual per hour. 


According to Carnelley’s estimate this is satisfactory; by de 
Chaumont’s standard of 2000 cubic feet per child per hour it is 
2000 — 500 =1500 below the proper supply. 

ExampLe.—In a room 20 feet long, 14 wide, and 12 feet high, 
5 clerks work, using 3 ordinary gas-burners. How much air is 
required for proper ventilation ? 

Gas used per burner = 4 cubic feet per hour. 
= 12 cubic feet per 3 hours. 
1 cubic foot of gas=o0.5 cubic foot CO,,. 
45 Se heet a aa se Bio ate 
I2 » ” ” =6.0 ,, ” ” 


Taking o.7 cubic foot CO, as exhaled per man per hour. 
O° oe es feet »» 1S » 5men ;, 
6.0+3.5=9.5 CO, in the room per hour, 
g _ 9:5 X 1000 


Sp tS 09 cubic feet. 


The room originally contained 20 x 14 x 12=3360 cubic feet 
of — air (not allowing for furniture, &c.) 

. 47,500 — 3360 = 44,140 cubic feet in addition to that origi- 
nally i in the room should be supplied during the first hour of occupa- 
tion, and for every subsequent hour (after the 3360 cubic feet are 
exhausted) 47,500 cubic feet of fresh air are necessary. 

ExampLe.—(4) A room 20 feet long, 12 feet broad, and 10 feet 
high is occupied by two adults and a child under six years of age. 
If there is practically no ventilation, when will the limit of per- 
missible impurity be reached ? a‘ 


VENTILATION 57 


S = 20X12 x 10=2400 cb. ft. fresh air originally in the room. 
EK =0.6 cb. ft. CO, per head per hour (“ mixed community.)” 
Two adults and one child = 2.5 adults. 

*, P=2.5. H is to be calculated. 

Total impurity = 0.6 cubic foot CO, per rooo cubic feet. 
I=0.6 —0.4=0.2 cubic foot per 1000. 


Oo 2.550 EL 
Ee tO t= eT OOO, 
Ong 


oneal 
2.4=— 3 jeedo 5 He 10,32 .0f an hour 


=19.2 minutes. 


5 EL : 
By Carnelley’s formula: 2.4 = 2S = H=0.96 of an hour. 


= 57.6 minutes. 


Fresh Air Supply for Horses and Cattle.—These animals 
are not affected by a rapid current of air or a low temperature if 
well stabled. 

De Chaumont’s formula may be adopted. 
A horse exhales 1.13 cubic feet CO, per hour. (07 pro ee 
Taking “I” as 0.6—0.4=0.2 cubic foot per tooo as “ added 


impurity”: § =—3 = 5650 cubic feet fresh air supply per hour. (3600) frome 
The same ratio may be used for large cattle. 


Natural Ventilation.—The velocity acquired by a body falling 
through space is proportional to the time it takes in falling. Its 
“acceleration” is due to gravity, which causes a velocity of fall 
equal to 32.2 (taken as 32.0) feet per second in this latitude, and 
the motion is wniformly accelerated, 32 being a constant “ factor.” 


Let V = velocity of fall in feet per second. 
G =“ acceleration ” = 32 feet per second. 
T =: time of fall in seconds. 
yoy xT. 7 
=32x J. 


If a body falls (from a state of rest) for three seconds: 
V = 32 x 3=96 feet per second at the end of three seconds, 

If the “height” or distance through which a body has fallen 
be known, its final velocity in feet per second is equal to eight 
times the square root of the distance traversed. | 

Let H = height (distance) of fall. 
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Vine Gx He Gegee a. Vi eee, 
Vee 2 seo 


By Montgolfier’s law, air and other fluid media pass through 
an opening in a partition with the same velocity as a body falling 
through a height equal to the difference in level of the fluids on 
each side of the partition. This difference in level is ‘ head.” 

Air rushes into a vacuum (resistance at first is ni?) at the same 
velocity as a body falling from a height of five miles or 26,333 feet. 


*, V= ,/2 x 32%.263239-=8./26333 = 1200\ieen per second, 


As air passes into a vacuum, the internal pressure (being zero at 
first) gradually increases with increase of air volume, and its 
decreasing velocity would be equal to that of a body falling through 
diminishing heights representing differences of pressure inside and 
outside the chamber. These varying differences in height and pres- 
sure (7.¢., weight) cannot be calculated, and are estimated approxi- 
mately by differences in temperature of the inside and outside air. 

Difference in pressure = difference in height of inlet and outlet 
(=height of heated column of air) x difference of temperature x 
coeflicient of expansion of air. 


Let H=height of heated column of air in the flue (or vertical 
distance between inlet and outlet). 
», [=temperature (Fahrenheit) of inner air. 
aj: ah oe ” ” », Outer ,, 


6,003 )( = goitbbroximately) = coefficient of expansion of air per 
1° F.). V=velocity in linear feet per second. 

Difference in pressure = H x (T - 2) x 0.002. 

"5 V ie 0) EL CN pot eeo.O0e 

Exampize.—The external opening of a ventilating shaft is 22 fect 
above the internal aperture. The temperature of the room is 


60° F. and that of the external air 47.2° F. Calculate the 
velocity of the current of air up the shaft. 


H=22 feet. T-—t=60-47.2=12.8. 
V3" ./22 X 1218 '% 0.002. 


= 8,/0.5476. 
=8 x0.74=5.92 feet per second. 


Deducting } for loss of velocity due to friction (which is the 
same as multiplying by 0.75) 5.92 x 0.75 =4.44 feet per second. 
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De Chaumont’s Modification of this Formula for. calcu- 
lating the Size of Inlet or Outlet, or the Quantity of Air 
Supply per Hour. 


Let S=supply of air in cubic feet per hour. 
A =area of inlet or outlet in square inches. 
H = height of heated column of air. 
T=temperature of room or of air-column. 
{= .s ,, external atmosphere. 


seconds in 1 hr. 
x 2, 
Sq. in. in 1 sq. ft. 


s=(s )x Ax JH x (T= 2) x 0.002 x 0.75. 

S=200xAx ,/H x (T-t) x 0.002 x 0.75. 

ExampiE.—(1) The difference in height between inlet and outlet 
is 25 feet. The inner and outer mean temperatures are 65° F. and 
45° F. respectively, and the air supply is 3000 cubic feet per hour. 
Estimate the size of the inlet. 

B000) ) --f=20, 3000= 200 X A x ,/25 X 20 X 01002 X 0.78. 

ZOO ASO, X O.7 5. 
A =I1I.25 square inches. 

According to Parkes and de Chaumont the dimensions of the 
outlet may correspond with those of the inlet, the increase in 
volume of air that has been warmed is so small (,, to ;/,) under 
the usual conditions of ventilation and heating that it may be 
neglected. 

The size of inlets and outlets per individual in health may be 
approximately estimated as follows: 

Let m=number of adults to be supplied (from 1 to 6 as a 
maximum) by one aperture. 


, Area of aperture = 12 x 2m square inches, therefore : 


For 1 adult ” - » xX 2= 24 square inches. 
». 2 adults ” ” 3» X 4= 48 «4 ” 
: z Vb 
», 2 adults and 1 child ,, Ate Ry Saas OO. be 5 (cnita = _ 
» 3 ” ” ” » ~* 6= 72 ” ” 
» 6 F) ” 2 » xX I2=144 ” ” 


At temperatures between 55° and 60° F., a velocity of 
_1.5 linear ft. per sec. is not perceived 


2— 2.5 ” aay) ean 9 ” by most people. 
3 2? 9 79 felt 29 Pe) 
a.5 . er » by all and causes a draught. 


(Parkes and de Chaumont.) 
3000 cubic feet per hour=50 cubic feet per minute = 0.83 cubic 
foot per second. 
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Velocity of air current (linear feet) 
Inflow (cubic feet) 


~ Sectional area of inlet (square feet)’ 


Inlet = 24 square inches. Inflow = 0.83 cub. ft. per sec. 
Velocity = at = 4.98 lin. ft. per sec. 
Inlet Se inches. - - ‘ Zs 
Velocity = ee 2.49 lin. ft. per sec. 
: | 


Inlet = 60 square inches. re a 2 
Velocity = 1.99 (2.0) lin. ft. per sec. 


Inlet = 72 square inches. ” ” ” 9 
Velocity = 1.66 lin. ft. per sec. 


Inlet = 144 square inches. ‘3 “e i; ? 
Velocity = 0.83 lin. ft. per sec. 


The inlets of 48 to 72 square inches give the best velocity for a 
supply per head of 3000 cubic feet per hour. 

Parkes and de Chaumont considered the minimum and maxi- 
mum sizes should be 24 and 144 square inches, and that for larger 
supplies of air the number of openings must be proportionally 
increased and not their size. ‘This method facilitates uniform 
distribution of air per person, and diminishes liability to draughts 
or to areas of “ stagnation.” 

ExampLE.—(z2) A heated column of air 40 feet in height has an 
average temperature of 60° F., the air outside being at 32° F. 
The area of inlet equals that of outlet, and is 72 square inches. 
Calculate the supply of air passing in, and the velocity of outflow. 


T-—t=60 — 32=28. 

S = 200 x 72 x ,/40 X 28 X 0.002 X 0.75. 
= 200 X¥2\x \/2.24 x 0.75. 
S200 X72 Kit Oo 


. ‘ 16,200 ; 
= 16,200 cubic feet per hour = Go = 270 per minute, or 


metho 
60. + 
To find the velocity of outflow in linear feet per second : 


Velocit Outflow in cubic feet per second 
oroe’Y ~ Sectional area of inlet in square feet’ 


5 cubic feet per second. 


— oe : =e =g linear feet per second. 
TEL 2 
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Natural Ventilation by Diffusion of Air.—It occurs only 
in gases and vapours and does not affect molecular matter. The 
rate of diffusion is inversely proportional to the square root of 
the density. 


The density of hydrogen=1 .°. Rate of diffusion of 


oa 
ae ¥, 
oxygen Te =i = 4 times greater than that of hydrogen. 


Rate of ase of nitrogen = 
I 


Te aaa 3.74 times 


Rate of diffusion of air = 


I I 3 
== 27.8 t 
4.44 3.8 3 1mes ” ” ” 


Calculation of Friction in Ventilation.—lIt is determined 
by the length of the shaft, its angles, and by the dimensions and 
shape of the aperture through which the air current passes. 

Length.—If the tube or shaft is of uniform bore throughout, 
friction increases in direct proportion to increase in length, 


EXAMPLE (1).—Shaft A= 100 feet in ieee 
” _B=120 ” 99 ” 

The friction in B is + more than in A. 

Angles,—Every end of 90° diminishes the velocity of the 
current by half—e.g., a velocity of ro linear feet will be after the 
first mnt angle bend=5 feet, and after the second bend =4 of 
5 feet = 24 feet, and after a third similar angle =4 of 24 =11 linear 
feet. ‘This is theoretical only, as after two such bends in a pipe 
ventilation is practically nil for hygienic requirements. Friction 
at other angles is calculated by Trigonometrical factors. 

Dimensions and Shape of Apertures.—A. Loss by friction 
varies inversely as the diagonal or diameter. 

The openings are of similar shape : 

(a) Squares. 

ExampLte.—A square aperture ABCD is subdivided into 4 
smaller squares of equal size. Calculate the friction in each of 
these compared with that in the larger opening (vide p. 62). 


Diagonal of ABCD = AC or BD. 
<0 ,», each small square =4 AC or BD. 


If friction in ABCD= 1. 

‘. friction in each small square = 2. 
2.e. it is twice that in ABCD. 

(b) Circles, 


uniform bore. 
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ExamPLe.—Two circular apertures have diameters of 1 foot 
and 4 inches. respectively. Estimate the friction in the smaller 
relative to that in the larger. 

The larger diameter = 12 inches. . 

a Smaller, Syren The ratio of the latter to the 
former is as 4 to 12 or as 1 to 3. 


If the friction in the smaller circle = 1. 


»  larger=4. It is 3 times less than that 


=e 2? 99 
of the smaller aperture. 

B. Loss by friction varies inversely as the square roots of the 
areas, whether the openings are of similar 
or dissimilar shape. 

Supposing. the square ABCD has its 
sides 1 foot in length, its area is 144 
square inches. 

Each smaller square has an area of 36 
square inches, ,/36=6, ,/144=12: a 
ratio of 1 to 2. 

The loss by friction in the smaller 
aperture is twice that in the larger one. 

If a circular inlet hasan area of 9 square 
feet and a square aperture an area of 4 
square feet, /9=3. ,/4=2. 

The loss by friction in the former to the latter is as 4 to 4. 

The circumference of a circle encloses maximum area in mini- 
mum periphery. If the friction in two circular openings is to be 
contrasted, the calculation is made from the respective diameters, 
as above. 

If the shape is non-circular, ascertain its periphery and the 
area enclosed. Calculate the length of periphery of a circle enclos- 
ing an exactly equal area. The friction in the circular opening 
is to that in the non-circular one as the periphery of the one is 
to that of the other. 

Exampire.—A square aperture has its side 14.18 inches long, 
compare the friction in it to that in a circular opening of equal 
area. 

Area of square aperture = (14.18)? = 201.0724 square inches. 


Periphery ,, _,, sfc E1410 KA 2Oe72 linear . 
Area of circle=7R*. wR? = 201.0724 square inches. 
__ 201.0724 


: Sanne 64 inches (nearly). R=,/64=8 inches, 
Circumference = 27 R = 2 x 3.1416 x 8 = 50.2656 inches. 
Friction in circular opening is to friction in square opening as 


50.2656 is to 56.72, or as 1 to 1.12, @.¢., the friction in the latter 


VENTILATION 63 


is a little more than }th greater, and the velocity is proportion- 
ally diminished. 

Artificial Ventilation.—1. By AN oRDINARY FrrE-pLAce.—In 
a sitting-room with an open fire-place, the chimney is the usual 
means of ventilation. Its sectional area may be taken as 1 square 
foot, and the velocity of the current of air up the flue as 4.5 linear 
feet per second, 

4.5X1=4.5 cubic feet per second, or 4.5 x 60 x 60= 16,200 
cubic feet per hour discharged by the flue. 

Each adult requires 3000 cubic feet of fresh air per hour. If 
16,200 cubic feet of fresh air per hour replace that amount 
extracted by the flue, we find by simple proportion : 


3000. % 16,2003: 1 ia, #='5 adults, 


So that the ventilation is sufficient for 5 adults occupying the 
room. 

2. By Circutar Fans.—The circumference of the circle de- 
scribed in each revolution by the tip of a vane is calculated from 
the diameter of the fan; and the velocity, from the number of 
revolutions per second, or per minute. 

The tangential velocity of the particles of air leaving the fan is 
3 the velocity of the tips of the vanes. 

Velocity of the air-current x sectional area of outlet = volume of 
discharge. 


ExampiE.—(1) Diameter of fan = 2.5 feet. 
Number of revolutions = 3 per second. 
Diameter of outlet = 1 foot. 


Calculate the velocity of the air and the volume discharged. 


Circumference of circle described by the vanes at one revolution 
met EALO Xx 2.5 = 7.95 feet. 
Velocity of each vane= 7.85 x 3 = 23.55 feet per second. 
ee »» air current = 23.55 x }=17.66 feet per second. 
Area of outlet =7 x (radius)? = 3.1416 x (0.5)?=0.7854 square 
foot. 


Discharge = 17.66 x 0.7854 =13 87 cubic feet per second 
=49932 » 9 9 hour. 


ExampLE.—(2) 750,000 cubic feet of fresh air are to be supplied 
per hour. Calculate the diameter of the fan necessary to effect 
this and the number of revolutions per second, the diameter of 
the inlet being 2 feet. 

Delivery = velocity of air current x area of inlet. 

Radius of inlet=1 foot. .*, area=7X 1= 3.1416. 

.".. 750,000 = velocity of air current x 3.1416. 
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Velocity of air current = 730,90° feet per hour. 
3.1416 


a 750,000 
~ 3.1416 X 60 x 60 


= per second. 


750,000 X 4 
3.1416 X 60 X.60 X 3 
second, or distance traversed per second. 


: Velocity of each vane= = 88.4 feet per 


Fig. 15.—Anemometer. 


Let D=diameter of fan in feet, and R=number of revolutions 
per second. 

3.1416 x D=circumference of fan in feet. 

3.1416 x Dx R=distance traversed by a vane in one second. 

“. 3.1416 x Dx R= 88.4 feet. 


88. 
“Dx R38 feet per second. 
3.1416 
28 28 
are ts 


If the number of revolutions is ro per second, D = 2.8 feet. 
” ” ” » 5 9» ” D= 5.6 22 ; 
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If the diameter of the fan is 4 feet there must be 7 revolutions 
per second. 


To Calculate the Velocity of the Current of Air and its 
Volume.—Ascertain: (1) the area of each inlet; (2) the mean 
velocity of the current passing through it; (3) the actual air 
capacity of the room. 

The average of several observations at the periphery and near 
the centre of the aperture must be taken. 

If the opening is circular, note the velocity of the current at a 
point 2 of the diameter from the side of the shaft. 


Mean velocity x area of opening = volume of air. 


For greater accuracy the 
amount of air entering 
should be checked by esti- 
mating the amount of air 
leaving the room. These’ 
should be equal. 

THE ANEMOMETER.—(1) 
Casella’s instrument. The 
velocity of the rotating 
vanes is registered by the 
long hand, recording 50 
feet per minute on the 
large dial divided into roo 
feet, and on five small dials 
showing respectively velo- 
cities of 1000, 10,000, 
100,000 feet, and miles. = 
The indices are started or Kigc. 16.—Biram’s Anemometer. 
stopped by means of a small 
knob, and can be thrown out of gear without checking the 


Velocity in feet inut Sore 
elocity in = per minu Seasrocny oe 


rotation of the vanes. 


miles per hour. . 

(a) If the indices are not at zero, read off any previous record 
and deduct this from the reading after the experiment. 

(0) A “correction” (determined by the instrument-maker) is 
sent with each instrument, and represents the minimum velocity 
which will move the vanes. It is to be added to the reading for 
each observation, and is about 30 feet per minute, or 6 inches 
per second. 

(2) Biram’s Anemometer.—In the smaller instruments the 
vanes rotate on a central axis on which are the index-dials. The 
larger instruments have a different arrangement. 

E 
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ExamPLe.—The actual air capacity of a room is 1450 cubic 
feet. Two air inlets, each of 60 square inches, supply air at an 
average velocity of 2 feet per second. Find the volume delivered 
per hour and the number of times it is renewed. 


6 
Total inlet area = 2 x an = square foot. 


Current velocity = 2 x 60 x 60 = 7200 linear feet per hour. 
Amount supplied per hour = 7200 x = 6000 cubic feet. 
Air capacity of room = 1450 cubic feet. 
6 : 
taco 404 nearly, z.¢., the atmosphere of the room is com- 
pletely changed a little more than four times an hour, In a 
small room, unless the current is well divided and properly 
- warmed, it will cause a draught. 


Exampie.—aAir-meter registers 2546 linear feet from previous 
observations. Placed in ventilating shaft 2 distance from side it 
indicates “‘ 3746” linear feet in 5 minutes. : 


Sectional area of shaft=1.6 square foot. Correction for in- 
strument = 30 linear feet per minute additive. 


3746 — 2546=1200 linear feet in 5 minutes. 


Adding correction (30 x 5)=1350 linear feet in 5 minutes or 
4.5 linear feet per second. 

1.6X4.5=7.2 cubic feet per second, or 25,920 cubic feet per 
hour. 


Estimation of Superficial and Cubic Space. 


Superficial measurement of : 

Square = (side)?. 

Rectangle = length x width. 

Triangle == base x 4 height or height x $ base. 

Area of rectilinear surface : divide into triangles, and take the 


sum of their respective areas. 
1¢)3 


fe We. se; 6 22 
Circle = m x (radius). (7= Daa a 3.1416). 


or = -(= 0.7854) x (diameter). 
4 


Circumference = z X diameter = 27 X radius. 


circumference 


Diameter = 
rim 


cube of height 
2 x chord 


Segment: of circle = 2 x chord x height + 
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‘ «x long diam. x short diam. /long diam. = major axis 
Elipse = 
4 \short ",, “=mitior:.,, 
Cubical measurement of : 
Cube or solid rectangle = length x breadth x height. 
Solid triangle = sectional area of triangle x height. 


Cone or pyramid = area of base x $ height. 


Dome = 7 oat Bias 
Cylinder = * x 
Sphere = taner 


Tv ° 
On = & x (diameter)? 


= 0.5236 x (diameter).* Trapezium. 
Trapezium : 


Lengths of parallel sides 

“Tie a ee Fee x ver- 
tical distance between them. 

Parallelogram: length of one 


side x vertical distance between ee aa ees 
the parallel sides. wai 


To Estimate the Cubic Area from the Floor-plan of a Room 
with Dimensions: uniform height=12.5 feet. FD=2 feet. 

The furniture, &., occupies 118 cubic feet. 

How many adults can occupy it asa sitting-room during the day ¢ 


A. 24aF5& = 


l4Fe 


B PR eae BFE 
Fic, 17a,—Area of Room. 


Superficial area of ABCE = 24 x 14 sq. ft. 
Cubic peat ae ah p= 24 xX Td Mon 4 200. CU DIC ERG 
Adding cubic space of EGD: 


. II 
Superficial area = 5 X2=118q, ft. 


Cubic Benes Had oh eri = LE Ae Be 55 


“2 +2 Tay 
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Deducting cubic space of HCG: 
Superficial area = 4 x 3=12 sq. ft. 


Cubic suet he alas = 150.0 cubic feet. 
ATT 
Deducting cubic space for furniture, We. 118.0 hs 
4069.5 ” 
For acubic space of 1000 cub. ft. per head: suitable for 4 persons 
99 99 re) 300 9? 9? 79 Pr) 13 +P) 


Cubic and Superficial Spaces in Hospitals. 


The following data may be taken as a fair average : 
Maximum number of cases in a ward = 30. 


Hospitals for Infectious Diseases. 


Cubic air space= 2000 cubic feet (=4 more than in General 
Hospitals). 

Superficial floor area=144 square feet (=4 more than in 
General Hospitals). 

Wall-space=12 linear feet (= more than in General 
Hospitals). 


General Hospitals. 


Kach to have cubic air space = 1500 cubic feet. 

Superficial floor-area = 125 square feet = ;4, cubic space. 

Wall-space = 8 linear feet. 

Open-window area = 20 square feet = 1 square foot per 75 cubic 
feet of air space, about 4 floor-area. 

Air supply per patient per hour = 4000 cubic feet. 

Each window to be 3 feet above the floor and 6 inches short of 
the ceiling. 

Width of ward = 25 feet. 

Height _,, oo ee 

Length depends on the number of beds, the cubic space and 
floor-area. If the above data are carried out for 30 patients, the 


45000 
25 Cig 


With an air space of 150c cubic feet and a supply of 4000 


length must be: = 120 feet. 
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cubic feet of fresh air per case per hour the air must be renewed 
4000 ee : Bods avlice 
ety 2.6 (“recurring decimal”) times per hour. 

If the ward is to be roo feet long—let # be the number of 
patients it can contain, the above conditions being fulfilled : 


=100. &=25 patients, 


Beps.—Length of each, 6 feet. Width, 3 feet. Average cubic 
space occupied by bed and bedding, ro cubic feet; by each patient 
(adult), 3 cubic feet. | 


Wall of Ward 
4Fe 


K---— — 


2 eS Se ee 


Fig. 18.—Spacing of Beds in Ward. 


Each bed is to be at least 5 feet clear of the next one, and is 
best placed between two windows. 

An equal number of beds is placed on each side of the ward. 
If there are 15 a side there must be 16 windows, or 32 in all, as 
the first and last beds on each side have one end-window (top 
and bottom of ward) to themselves. 

Length of ward=120 feet; 15 beds down each side; length 
of wall for each bed=8 feet, or 4 feet from the middle line of 
each bed. 

Width of bed =3 feet. Total free space per bed = 8 — 3=5 feet, 
or 2.5 feet on each side (4—1.5=2.5 feet). This leaves a clear 
space of 5 feet between adjacent beds. . _ 

If the ward is 15 feet high and each window is 3 feet above 
the floor and 6 inches short of the ceiling, its total length = 15 — 
3.5 feet=11.5 feet. As the upper half of the window usually 
opens, its width to obtain an open space of zo square feet must 
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be a x width = 20 square feet ; width =——- = 3.5 feet. 


A window being placed centrally between two beds (7.e., in the 
centre of the intermediate space of 5 feet) 3° or 1.75 feet of 
this wall-space is occupied by the window, focus a distance of 

2.5 —1.75=0.75 feet or g inches between the side of the bed and 
that of the adjacent window, measured along the wall. As the 
head of the bed is placed about a foot off the wall this distance is 
only relative to the surface of the wall. 

Distance between centres of two windows = 8 feet. 

Wall-space between adjacent sides of two windows = 4.5 feet. 


Exampie.—A ward for general cases is to contain 8 beds. 
Calculate the dimensions and window-space, &c. 


Total cubic space = 1500 x 8 : . ==12,000 cubic feet, 
5) ~ALOOL TEES l= SEB ece : . =1000 square ,, 
Length x 25x 15=12,000 .. length. =32 feet. 
Wall-space = , . =8 feet per bed. 
R | {=5 feet (2.5 feet on 
Space between beds=-8 3% ' \ the sides of each bed). 
= 160 square feet 
__ 12000 (about 4 floor-space). 
ROL NSE ES Vico " | 80 square feet on each 


side of the ward. 


One bed between two windows . eh ah windows on each 
side of the ward. 
Area of each window 32 . =16 square feet. 


Total length of window : . “srs. 5: feet. 
Half the length usually opens, Hones | 
= 2.78 feet. 


fore width of window ie. : 
ee) 
Distance between edge of bed and sides | 


of adjacent wind d alo 
j ows (measure 3) Wer ay pe 


s 
al 
I| 
_ 
on 
| 
—_—_ 


If all the 10 windows were open at the 

upper half, and formed the only means | = 32,000 cubic feet 
of ventilation, total inlet-area=160 | per hour. 

square feet, and total air-supply . 
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Velocity of air current = Scolar te gi ea ee 
160 0.06 eae Pew. SEC: 

If the ward had a residual amount: of ) 

fresh air equal to its cubic capacity 

(12,000 cubic feet) before it was occu- 

pied by the 8 patients, the amount of 

fresh air required to be supplied through | = 125 linear ft. per hr. 

the ro windows would be 32,000- [0.03 pitty bay SEG: 


12,000 = 20,000 cubic feet, and the 
velocity of the air-current during the 
20,000 


160 


Estimation of CO, in Air—Pettenkofer’s Method. 
I. Baryta water. 4.5 grammes Ba2(HO) per litre.* 
Oxalic acid. Standard solution: 1 ¢.c.=0.25 ¢.c. CO,, 


Mertuov.—C,H,0,+ 2H,0=126 grammes. CO,=44 grammes. 
One molecule of acid combines with as much barium hydrate as 
one molecule of CO,. Therefore 126 of oxalic acid correspond to 


44 ea 


first hour of occupation would be 


1 litre CO, at NTP== x 0.08036 = 1.965 grammes. 
oa 5 £ : : . : =0.49I gramme. 
Aa et 20 Poot oes ae “@=1.41 grammes. 


one 41 grammes of oxalic acid dissolved in 1 litre of water 
are equivalent to 0.25 c.c. CO,. 


The same result may be obtained by using Avogadro's law : 


44 grammes CO, at N.T.P. ; : =.225372 litres. 
” gee » oxalicacid at N.T.P. . =a 20 oe 
And pice = 5.64 grammes oxalic acid =riitre a OO. 


. 5.64 grammes oxalic acid dissolved in 1 litre of water =1 
litre of CO,; and 1 c.c. of this solution =1 c.c. of CO,. 


5-64 


A solution containing ~— =1.41 grammes oxalic acid per litre, 
ucc,-=0.25 ¢.c. of CO,. 


IT. Lime water. Clear solution (saturated). 

Oxalic acid. Standard solution, 1 ¢.c.=1mgr.CaO. CaOQ=56. 
O,H,0,+2H,O=126. One molecule of acid combines with as 
much CaO as a molecule of CO,. 

56:1::126:a w=2.25 grammes. 


* Or: Ba2(HO) 28 gms. BaCl, (10 % sol") 5 c.c. Water 4 litres. 
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~l 
bo 


2.25 grammes of oxalic acid per litre: 1 c.c.=1 mgr. CaO. 


CaO + CO,=CaCO,. 1 mgr. Ca0=4 mgr, CO, 
(56) (44) (100) 5° 


1 litre of CO, (or 1000 meyeoe x 0.0896 = 1.97 grammes = 1970 
mers. . 


1970: S Ss LOOOR @, 8@==C AGO. 
*, 1 ¢.c, oxalic acid solution=1 mgr. Ca0O=0.4 ce. CO, (2.25 
grammes per litre). 


ExampPLe.—(1) Total air-capacity of dry jar = 4320 c.c. 
too ¢.c. pure baryta solution added (jar shaken for half an 
hour*), 


25 ¢.c. pure baryta solution . =42.8¢.c,oxalicacid solution. 
25 c.c. baryta solution + CO, of | 
air in jar. ae = 39-660. 5, 4 ” 
. 25 ¢.c. baryta colabtoat + 00, OF ta iaccase,, 
air in jar . . representing CO, ‘absorbed. 
I ¢.c. oxalic acid aclabon ; OSes Oto: (Giandacedt 


3-2 X0.25=0.8 cc. CO, in ‘2s C6. baryta solution taken 
on jar. 
0.8 x 4= 3.2 ¢.c. CO, in 100 c.c. baryta solution added to jar. 
(As this amount is identical with the 3.2 c.c. obtained by 
subtraction above, the former result can be taken at once as the 
amount of CO, absorbed by 100 c.c. of baryta solution.) 
Actual volume of air tested = 4320 — 100 = 4220 c.c. 
Percentage of CO, present : 4220 : 100 :: 3.2:&. «= 0.076 per 
cent. of CO, or 7.6 volumes CO, per 10,000 volumes of air “at 
current temperature and pr essure” (1 cubic metre = 1000 litres). 
If temperature = 58.6° F., and iy, 29.264 inches, it is 
unnecessary to alter these to C° and mm. 
To correct for normal temperature and pr essure (32° F. and 30 
inches) : 
_ 4220 X (459 + 32) . 29.264 
: ae 6) 30 
3904.9 : [1 3.2:a, #=0,08 per cent. of CO,, or 8 volumes 


CO, per alee Solute of air. 
As the “correction” for N.T.P.is trifling, it is, as a rule, 


= 3904.9 c.c. of air at N.T.P. 


* Clowes and Coleman shake up for half an hour and titrate the whole 
of the lime-water in the bottle itself (Quantitative Analysis). 


VENTILATION 73 


only made at altitudes above sea-level where the difference of 
pressure is considerable. 


EXAMPLE.—(z2) Total capacity of air-jar = 4640 c.c. 
100 ¢.¢. of lime-water added (jar shaken for three-quarters of 
an hour). 


25 ¢.c. pure lime-water » =39.6c.c.oxalicacid solution 
25 ¢.c. of lime-water from jar . =34.8¢e. ,- 5; ¥ 

t i i 4.8 CC. 4, ” 2 
*, 25 ¢.c. of lime-water from jar + corresponding to CO, ab- 

Heeeied 
Oxalic acid solution : 1 c.c. .- =0.4 cc. CO, (as above). 
f =1.92 ec. CO, in 25 ce. of 
a4 ’ (lime-water from jar. 
=F Oo 0c, COI 160 ¢.c, of 

eas! eee added to jar. 
Air in jar=4640-I00 . ee A SACL CC, 


2 A540: 100 >: 7.68: a”. x#=0.169 per cent. of CO, in air, 
or 16.9 volumes of CO, in 10,000 volumes of air, “at current 
temperature and pressure.” 

Supposing temperature and pressure are to be expressed in C.° 
and mm., and are read originally as 46.5° F. and 30.46 eae 
These correspond to 7.4° OC. and 771.65 mm. 

To correct 4540 ¢.c. of air to N.T.P. (0° C. and 760 mm.), 


_ 4540 x (273 +0) | 771.65 
‘A (273 +7.4) 760 


4500.7 : 100:: 7.68: 2, #=0.17 per cent. of CO, in air, or 
17, volumes of CO, per 10,000 volumes of air, 


= 4506.7 c.c, of air at N.T.P. 


Estimation of CO, in Air by aspiration through Petten- 
kofer’s Absorption-tubes. 


Baryta solution, strength as before (p. 71), or it may be twice 
as strong. 

First tube may contain 150 ¢.c. or 100 cc. of solution, and 
second tube rooc.c. If the solution is sufficiently turbid ‘after 
1 to 4 litres have passed, the aspiration may be stopped and 
the estimation of CO, made, Asa rule, in the open air ro litres 
are passed through ‘at the rate of 1 litre every quarter of an 
hour or 70 litres in two and a half hours. The mean temperature 
and pressure must be observed during the process, and if the 
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fluctuations are not great, may be taken at “half-time” as an 
approximation. 


EXAMPLE. 


Pure baryta solution: 25 c.c.= 42.6 c.c. oxalic acid solution. 
ro litres air aspirated. 

First tube (containing 100 ¢.c. pure baryta solution) : 

25 ¢.C. = 39.7 oxalic acid solution. 

42.6 — 39.7 = 2.9 ¢.c. equal to CO, absorbed by 100 ¢.c. baryta soln, 


FG. 19.—Estimation of CO, by Pettenkofer’s Tubes. 


Second tube (containing 100 c.c. pure baryta solution) 
25 ¢.c.= 42.2 ¢.c. oxalic acid solution. 
42.6 (pure baryta solution) -- 42.2 =0.4 G¢.: 
; 2.9 $0.4= 3:3 &.c. ino Litres 01 air. 
Supposing ro litres of air (10,000 ¢.c.) corrected for N.TP. 
= 9850 CC. 
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.. 9850 : 10,000::3.3:%. %=3.35 volumes of CO, per 10,000 
or 0.035 CO, per cent. 

(This method is more accurate than the first; but though ro 
litres of water are run off—or 1 litre made to aspirate 10 times 


by reversing the bottles—some of the air in the apparatus diffuses 
out.) 


CHAPTER V. 
WATER. 


Water is taken as the standard for determining the unit of heat, 
the specific heat and latent heat of a body, and also as the 
standard for ascertaining the relative density or specific gravity 
of solids and liquids, as already indicated. 

The unit of heat is the amount of heat required to raise unit 
mass of water one degree in temperature. It varies with the 
unit of mass and scale of temperature adopted : 

Centigrade Scale——A kilogramme of water at 0° C. is the 
unit of. mass, and the amount of heat required to raise its 
temperature from o° to 1° C. is the unit of heat known as the 
“Calorie.” The small calorie is the heat that will raise one 
gramme to the same extent. 

Fahrenheit Scale.—The amount of heat necessary to raise the 
temperature of a pound of water 1° F. either from 32° F. to 
33. F.or from 60° F. to 61° F.—the latter temperature being 
the usual one—is the British unit of heat. 

The specific heat of a body is the ratio of the amount of heat 
taken in by the body when its temperature increases one degree 
to the amount of heat taken in by an equal weight of ice-cold 
water for a similar rise of temperature. 

By “ Dulong and Petit’s law,” the specific heat of an element 
varies inversely as its atomic weight. 

In the Centigrade system the temperature of the water is taken 
at 4° C.—1.e., at maximum density. In the Fahrenheit scale it is 
estimated at 60° F. 

The specific heat of a substance when mixed with another can 
be ascertained by the following formula: 

Let S.H.,=Specific Heat, W, = Weight, and t, =temperature of 
the one substance. 

Let 8.H.,=Specific Heat, W,= Weight, and t,=temperature of 
the other substance. 

Let T=common temperature of both substances after mixing. 


WATER ity 


S.H., W, x (T-t,) 
S.H., W,x(t,-T) 
If 8.H.,=specific heat of water, it is equal to 1. 
Wes (E> t,) 
ee ale = Werte hy: 
Examp_ye.—A kilogramme of iron at a temperature of 100° CO. 
is placed in a kilogramme of water at 4° C. On cooling, the 


common temperature is found to be 13.8° C. 
The specific heat of iron is found as follows : 


1x (13.84) _ 98 
I x (100—13.8) 86.2 


ExampLe.—A kilogramme of ice is mixed with two kilogrammes 
of boiling water. Find the temperature of the water when the 
ice has melted. The specific heat of ice is 0.505. 

tT 
i EE 0.505. 2T-—200= —0.505T. 
1(o — T) 0 
2Oet = 200L Wo. CU. 


=r iT A. 


Latent heat is the heat absorbed by a body in changing from a 
solid to a liquid (“latent heat of fusion”), or from a liquid to a 
gaseous state (‘latent heat of evaporisation”). It is a trans- 
formation of energy in the form of heat into another form of 
molecular energy. The latent heat of water is 80 heat-units of 
the Centigrade scale, and 143 heat-units of the Fahrenheit 
system. 

The latent heat of steam is 536 kilogramme-units C., and 
966 pound-units F, 


Calculations of Water-Supply. 


Data required: Depth of water. 
Area of the receiving-surface. 
Loss by evaporation, &c. 

Rain Water.—The depth of rainfall is calculated by the rain- 
gauge (vide Meteorology) and by recorded observations extending 
over many years. 

Hawksley’s Formula for the Estimation of Rainfall : 

1. Ascertain the average rainfall for 20 years. 

2. Amount of rainfall in the wettest year = average rainfall + 4. 

3: ” ” driest Near ee. ie a 

Or amount of rainfall in the driest year =average rainfall in | 
3 driest years. 
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Symons’ Formula (for the British Isles) : 
Let the average rainfall=1. 


Rainfall in the wettest year = 1 + }=1.5 (half above the average). 
7 » driest ,, =1—4=2oro.7 (one-third below the 
average) 
9 33 . of 3 consecutive years= 1 —+=0.8 (one- 


fifth below the average). 


EXAMPLE.—Supposing 37.3 inches=the mean rainfall of the 
United Kingdom: 


By Hawksley’s formula: Wettest year = 37.3 + 12.63 = 49.93 ims. 


Driest ,, =37.3-12.6 =24.7 4, 
By Symons’ iy Wettest ,, =37-3+18.65=55-95 » 
Driest  ,,. = 37,3 - 12.06 =247-—3, 


Driest of three consecutive years=37.3-— 7.46=29.84 ,, 


t inch of rainfall over 1 square yard of surface (1296 square 
cee = 1296 cubic inches. 277.27 cubic inches=1 gallon. 

,1 inch of rainfall over 1 square yard of surface (1296 square 
1296 
277-27 
1 inch of rainfall on 1 acre = 4.67 x 4840 = 226028 gallons. 

1 gallon of water at 62° F.=10 lbs. 


inches) = = 4.67 gallons. 


22602. 8 < 16 


1 inch of rainfall over surface of 1 acre (at 62° F.) = 556 


= 100.9 or ror tons nearly. 


Area of Receiving-surface.—The watershed may be estimated 
from the contour-lines of an Ordnance Map. Where contiguous 
lines are far apart the slope is small, and where they are close 
the land is steep and the “ head” of water great. The point at 
which one contour-line crosses another is a “col” or “saddle- 
back ”—the upper level descending to the lower. All water- 
courses, marking lines of greatest incline, cut the contour-lines 
at right angles. 

If the rain-water sinks into a porous stratum which is not 
overlying an impervious layer, the effective receiving-surface 
cannot be determined by the watershed of the porous layer, but 
only by that bounding an underlying impervious stratum, which 
may be ascertained from a Geological Map of the district. 

Area of receiving-surface in square feet x rainfall in inches _ 

12 
cubic feet of water per annum. 


0.16 ch, fti='1 gallon. .°. 7 cb. tt. Sees gallon = 6.25 gallons. 


The usual estimate is 6.23 gallons. 
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Temperature of the air, the nature of the receiving-surface, 
growing vegetation, &c., cause a loss of water by evaporation, 
leakage and absorption, which is to be deducted from the above. 
These conditions vary indefinitely. As a rough estimate } may 
be deducted from the amount, which is equivalent to multiplying 
the result by 0.75. A more accurate result is obtained by 
estimating at the same time the rainfall and the actual discharge 
of streams supplied by the area. 

If the surface is a sloping roof, only the horizontal area it 
covers is to be estimated as a “‘ receiving-surface.” 

Exampie.—Area of receiving-surface = 2000 square feet, 

Mean annual rainfall = 26.7 inches. 

Volume of water available per annum, after deducting } for 
2000 X 144 X 26.7 


evaporation = ras x O575. 
oe X 0.75 = 3337-5 cubic feet per annum. 
= 3337-5 X 6.25 = 20859.375 gallons, or 57 gallons per 
diem. 


Hawksley’s Formula for Storage in the impounding 
reservoir. 

Number of days’ storage = D. 
Mean annual rainfall in inches for three consecutive dry years 
=F. Da 

af EB 

EXxAmeLE.—Mean annual rainfall = 49.61 inches. 

Taking Symons’ formula and deducting § (2.¢., multiplying the 
mean annual rainfall by 0.8) : 

Mean annual rainfall of the driest of three consecutive years = 
49.61 x 0.8 = 39.69 inches. 
I00O0. ~=—- 1000 


Days’ storage = ——= = = 158.73 days. 

J § 739.69. 6-3 Boa 
Dr. Pole’s Formuia for the Area of the Collecting-surface : 

Mean annual rainfall in inches = R. 

Daily supply in gallons=G. 

Area of collecting-surface in acres= A. 

Loss by evaporation in enches := EK. 

G=62 A (R-E). 

In a rainy place: 150 G=62 A (R-E). 

” dry 97 + 200 Ge 4) 4 ” 
EXAMPLE.—10,000 gallons are required as a daily supply. 
Estimating a loss by evaporation of $ R in all cases. 
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(1) Where R= 25 inches. 
10,000 =62A(25-—5). 62A= ——. A =8 acres. 


(2) Ina wet place with a rainfall of 50 inches : 
10,000 xX 150=62 A (50-10), 

10,000 X 150 
62 x 4o 


(3) In a dry locality where the rainfall is 15 inches: 
[0,000 X 200=62 A (15 — 3). 


i = 605 acres. 


Fears ated BY SIS) 

62x12 

Water-Supply of a Stream.—Current-meters are used to 
indicate the rate of flow or the supply in gallons. 

The stream is also dammed up and the water conveyed along a 
channel of known dimensions, which may be a trough—.e., length, 
width and depth and the velocity of the current are estimated along 
the length of the channel by using a float as indicator. 

Outflow = velocity x width x depth. 

(1) Discharge through a sluice: Area of the sluice = width 

x height. 

‘‘ Head of Water ’’: 

(a) sluice above the lower Re = height of the upper level of 
the water above the centre of the opening of the sluice. 

(6) Sluice entirely below the lower level, = difference of level of 
the water above and below the dam. 

Discharge in cubic feet =area x 5 ,/ head of water. (Poncelet 
and Lesbro’s formula.) 


ExampLe.—tThe sluice has a length of 10 feet and a height of 
2 feet, the height of the upper level of water above the centre is 
6.76 feet. 

Discharge = 10 x 2 x 5,/6 76. 

= 100 X 2.6 = 260 cubic feet. 

(2) Discharge over weir: theoretically it is equal to that of a 
body falling freely through the distance of surface-level above and 
below the weir: v? = 2gh, or v=8,/ H (asin Montgolfier’s formula). 
This is the velocity of the lowest stratum of water: the average 
velocity is 2 of 8,/H. 

Blackwell’s Formula for Discharge over a Weir: 

Q =cubic feet per minute passing over weir. 

w = width of weir in feet. 

d= depth in inches over weir. 
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4.5 =“factor” (varying from 3.5, depth = 1 inch; to 4.4, depth = 
9 inches). 


Q=4.5xw Jd. 
-Exampre.— Width of weir = 9 feet. 
Depthey, a 4; 274 1uches 


Q=4.5x9x,/42=4.5 x 9 x 8 = 324 cubic feet per minute. 

Yield of a Stream. 

Ascertain the mean depth by repeated eda along as 
uniform a channel as possible, noting the length and breadth, 
and the surface velocity of the current by a float. 

The mean velocity is estimated as $ or 0.8 (by some as 2) 
the surface velocity. 

ExampLe.—Width of stream = 16.5 feet; mean depth = 4 feet. 

Velocity of surface current=45 feet in 70 seconds = 38.6 feet 
per minute. 

Mean velocity = 38.6 x 0.8. 

Sectional area = 16.5 x 4 square feet. 

Outflow = 16.5 x 4 x 38.6 x 0.8 = 2038.08 cubic feet per minute. 
2038.08 x 6.25 =12,738 gallons per minute. 

The Hydraulic Ram is employed to raise water from a stream 
to a maximum height of about 150 feet. For any height above 
this the proportion of water wasted exceeds the amount supplied. 
Height towhich water can be raised = 25 x height of fall (‘‘ head ”). 
A. fall below 12 inches is ineffective, and one above 6 feet causes 
too great a strain on the apparatus. 

If height of fall=6 feet, 25 x 6=150 feet or maximum “lift.” 
From 50 to 80 per cent. of the available power can be utilised. 
The waste water is troublesome to dispose of. 

PropLtEm—“ Assuming that in a chalk formation the quantity 
of retained water is 16 per cent. of the volume of the chalk, and 
that the curve of saturation is a straight line, find the number 
of gallons of water contained in a hill 14 miles wide (ie., 
measured at right angles to the line of greatest slope) and in 
which the highest point of the curve of saturation is 51 feet 
vertically above the lowest and a mile from it horizontally.” 
(Cambridge University.) 


Area of triangular surface A. BC 
= base x § height. 


= 5280 X ~— fe feet. 
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Area of solid triangle A BC E 
DEA 
=areaof ABC x AK 
=O 501x ns x({t4 x 8280) //4riile 
cubic feet. 
= 1,066,348,800 cubic feet 
in which water=16 per alo 
cent. < 
100: 16 :: 1,066,348,800 : a. S/FF 
«= 666,468 cubic feet x 6.25 
= 4,165,425 gallons, 
(1 cubic foot of water = 6.25 FIG. 20. 
gallons.) 


The Suction-pump.—Atmospheric pressure on the external 
surface of water causes it to rise into the pump-barrel, when the 
ascent of the piston produces a vacuum. 

Maximum height of mercurial column supported by atmos- 
pheric pressure = 30 inches or 2.5 feet. 

' Mercury is 13.6 times heavier than water. 

“. Maximum height of water-column supported by atmospheric 
pressure = 2.5 x 13.6 =34 feet. 

The piston when raised to its highest point must, theoretically, 
not exceed a height of 34 feet from the surface of water outside. 


Exampie.—Length of piston-stroke = 6 inches. 

Height of suction-valve (at bottom of pump-barrel) above 
water = 20 feet. 

‘“‘ Untraversed space” between lowest point of descent of piston 
and the suction-valve = 1.5 inches. 

Air-pressure within barrel when piston at highest point = 
1.5 
641.5 

Atmospheric pressure = pressure of 34 feet of water. 


of atmospheric pressure. 


1.5 
7°5 


.. Column of water supported by this pressure = 34 x 


6 8 feet. 
‘,, Maximum height to which water can be raised by pump = 
34 — 6.8 = 27.2 feet. 
Practically, owing to loss of energy from friction and the 
presence of “ untraversed space” at the bottom of the barrel, the 
height cannot be more than 25 feet above the surface of water. 


Velocity of Efflux of Liquids.—“ Forricelli’s Theorem.” 
The velocity is equal to that acquired by a body falling freely in 
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air from a state of rest at the upper surface of the fluid to the 
centre of the orifice. The velocity is greater as the surface of 
fluid is above the centre of the orifice, 7.¢., it increases with the 
“head ” of the liquid, or its height above the the opening. 
'. v= a2gh (vide p. 58). v=,/2gh. (9 = 32.) 
Exampie.—Let “head” at A (Fig. 21) =1 inch, and velocity = 
3 inches per second, 
4. = 4 Inches, 
velocity of efflux at B=velocity at A x/4_ 
= 3 X 2=6 inches per second. 


> 


ey 


Se at er gi em wm eco lin, 


& 


Fig. 21.—Efflux of Liquids. Fic. 22.,—Syphon, 


This is the velocity at the ‘‘ vena contracta” of the jet, 7.e., the 
point in the section of the jet where the flow is in parallel lines. 


The Syphon.—Let A =level of liquid in upper vessel. 
. B= +3 lower ,, 

a highest point of syphon. 
Vertical height of x above ae 7 inches. 


+B) ” 9 B=25 ee) 


A 55 9225 —7 = 16 inches. 
Atmospheri ic " pressure on both surfaces = 30 inches of mercury. 
Pressure on the A-side of x=30-— 7=23 inches. 
5 5 B-side ,, =30-255 
. Difference of pressure at «= 23—5=18= due to difference 
of is of surfaces A and B, and not to length of “legs.” 
Theoretically, the highest point (x Fig. 22) of a syphon 
intended for water must not be more than 34 feet above the 
upper surface A, at sea-level, as the air-pressure then is equal to 
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34 feet of water. Practically—owing to loss of energy from 
friction—it should not exceed about 33 feet. 

The Hydraulic or Bramah Press is a practical application of 
“ Pascal’s law”: “Pressure exerted anywhere upon a mass of 
liquid is transmitted equally in all directions in a closed vessel, 


Fic. 23.—Bramah Press. 


and acts with the same force on all equal surfaces and at right 
angles to them.” 
a =force-pump (Fig. 23). 
b= water reservoir. 
OL=lever. OM=junction of lever and pump “ plunger.” 
C =connecting-pipe. 
D=cistern of press. H=ram’s “plunger” with ‘ cupped 
leather collar” to prevent escape of water. 
If pressure at L= 40 lbs. 
», sectional area of E= 100 times that of the piston in a. 
» OLieep¢ OM, 
Upward pressure of plunger = 40 x 3 X 100 = 12,000 lbs. 
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CHEMICAL CALCULATIONS. 
Total Solids. 


(a) 100-¢.c. of sample water evaporated. 
Weight of platinum capsule+solids after 


drying and desiccation . ; = 43.317 grammes. 
Weight of platinum capsule previously i in- 
cinerated, cooled and ‘“‘ desiccated”  .= 43.28 43-285 5 


Total solids in 100 e.c. of sample 0.032 3 
=0.032 gramme in Ioo grammes of se (taking 1 Gc.=1 
gramme 

= 32 parts per 100,000 (32 X 0.7 = 22.4 grains per gallon). 
(b) 70 c.c. of water are evaporated. 
Total weight of capsule and solids = 34 42 grammes. 


z » » alone = = 34.33 
Weight of total solids in 70 ce. of water= 0.09 
or 9 milligrammes .*.=9 gr ains per een of total solids. 


After ignition, cooling, &e. 
W eight of capsule and residue = 34.346 grammes. 
53.346 34.33 = 0,016 grammes or 1.6 milligrammes volatile 
solids in 70 ¢c.c. of water, = 1.6 grains volatile solids per gallon. 


Estimation of Chlorine. 


A colour-reaction with the formation of permanent orange-red 
chromate of silver indicating the amount of chlorine used up. 

Standard solution of silver nitrate 1 c.c.=1 mgr. of Cl. 

AgNO,+ NaCl=AgCl+NaNO,. Cl=35.5. 
(170) (58.5) (143-5) (85) 

35.5 mgr. Cl: 1 mgr. Cl: : 170 mgrs. AgNO,: x mers. AgNO, 
(monovalent). eee = 4.788 mgrs. AgNO, 1.¢., 4.788 mgr. 
AgNO, in 1 c.c. of water=1 mgr. Cl. Therefore 4.788 grammes 
of AgNO, dissolved in 1 litre of water form a solution of which 
1 cc.=1 mgr. of chlorine. The bottle containing it may be 
labelled “1 c.c.=1 mgr. Cl.” or ‘4.788 grammes AgNO, per 
litre.” If labelled 14.384 grammes per litre and a solution of the 
above strength is required: By the equation it is found te 

4.788 grains per litre = 1 mgr. Cl. in 1 cc. .*. 4.788: 16.7583: 

Be 3.5 or 1 c.c. contains 3.5 mgr. Ul—i.e., die solution is ee 
and a half times too strong. It is diluted down to the required 
standard by taking 10 c.c. and adding 25 c.c. of distilled water, thus 
making it up to 35.c.c. 1¢.c. of this will contain 1 mgr. of chlorine. 
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If using a deci-normal solution of nitrate of silver : 

170 grammes AgNO, per litre=N. .. — I7 grammes per 
litre = 3.55 grammes Cl. 1 cc. of solution =0.00355 grammes 
Cl or 3.55 mgrs. Use from 100 (Lehmann) to 250 ¢.c, of water 
for testing, otherwise the colour develops too quickly. 

EXAMPLES. 

(a) 100 c.c. of water took 3.5 c.c. standard solution of silver 
nitrate (strength 1 c.c.=1 mgr: Cl.) to give permanent orange, 

= 3.5 mgr. Cl. in too cc. of water, or 3.5 parts per 100,000. 
(3-5 X 0.7 =2.45 grains per gallon.) 

(0) 7oc.c. water taken. Required 11.7 c.c. standard (1 ¢.c.= 
1 mgr. Cl.)=11.7 mgr. Cl. or 11.7 grains per gallon, or 16.7 
parts per 100,000 of chlorine. 


N 
(c) 250 c.c. of water required 2.8 c.c. ToASNO, solution. 


(1 c.c. = 3.55 mers. Cl.) 

2.8 x 3.55 =9.94 mgrs. C]. in 250 c.c. water. 

9.94 X 4= 39-76 mers: per litre. 
= 3.976 centigrammes per litre or par ts per 100,000, 
(= 2.78 grains per gallon). 

As 9.94 mgrs. in 250 ¢c.=parts per 250,000, to obtain parts 
9:94 
2.5 


per 100,000 divide at once by 2.5: = 3.976 parts of chlorine 


per 100,000. 

(N.B. The water, silver solution, and chromate of potassium 
solution (‘‘ Indicator”) must not be acid, otherwise the orange 
reaction will not be permanent—the red chromate of silver gets 
’ dissolved.) 


Chlorine in Terms of Sodium Chloride. 
Cl= 355, NaUliee eos. 
Ze C Sak fa ee orp aied am IY, 
E.g., 3-976 parts per 100,000 of chlorine = 3.976 x 1.65 =6.38 
parts per 100,000 of NaCl. 


Hardness. 


Standard solutions calculated. 

(A) Standard soap solution. Strength 1 c.c.=1 mgr, CaCO,. 

Standard solution of pure calcium chloride for standardising 
the soap-solution : 


CaCl 1117 > CaCOn= 10ol a oo atts caked rac aae 
x=1,11 grammes CaCl,,. 
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1.11 grammes CaCl, per litre = 1.00 gramme CaCO, per litre. 
I cc. =1 mgr. CaCO, 
Standard soap solution : 
Io grammes Castile soap. 
350 (or 700) c.c. methylated spirit. 
650 (or 300) c.c. distilled water. 
Strength: 1 ¢c.=1 mgr. CaCO,. 
(B) Standard soap solution. Strength 1 c.c.= 2.5 mgr. CaCO,. 
Standard solution of barium nitrate for standardising the soap- 
aoe; | 
a2NO,=261. CaCO,=100. .*. 0.261 gramme Ba2NO, per 
aioe mgr. CaCO, per litre. 1 c¢.c,=o.1 mgr. CaCO,. 50 c.c. 
Ba2NO, solution = 5 mgr. CaCO,. 
Standard soap solution: 2 ¢.c.=50 c.c. Ba2NO, solution. 
feacc. = impr, CaCO, 1:¢.¢, = 2,5 mor, CaCos 
Total Hardness.—(A) Standard soap solution: Strength--- 
Pecc-= 1 mer, VaCO,. 
Too ¢.c. water = 13.5 c.c. standard soap solution to form per- 
manent lather. 
100 c.c. distilled water =1 c.c. standard. 
*, 13.5 -I=12.5¢.¢.—1.¢., 12.5 mgr. CaCO, in 100 cc. of water 
=12.5 parts per 100,000 of total hardness. (12.5 x 0.7 =8.75 
grains CaCO,) per gallon, corresponding to 8.75° of Clark’s scale. 


To express CaCO, in equivalent terms as CaO: 

CaUOs=Too. 8 Ca0 256.4 ros sry. 50 ox. e250; 

“. 12.5 parts per 100,000 of CaCO, =12.5 x 0.56=7 parts per 

100,000 of CaO (8.75 x 0.56 = 4.9 grains CaO per gallon). 

Permanent Hardness —250 c.c. of water boiled down to 
about 150¢.¢., cooled, filtered, and made up to 250 ¢.c. with 
boiled distilled water, 100 c.c. of clear liquid took 5.5 c.c. 
soap solution. 5.5--1=4.5 ¢c.c.=4.5 mgr. CaCQ, in 100 c.e. 
or 4.5 parts CaCO, per 100,000 (3.15 grains per - gallon). 


er DOreLy Hardness.—12.5 — 4.5 =8 parts per 100,000; or 
4.9 — 3-15 =0.75 grains per gallon. 

Total Hardness.— 70 c.c. water took about 29 c.c. soap solution 
(same strength). 

To obtain a more accurate result: To 70 cc. fresh sample- 
water 70 c.c. distilled water were added, and needed 29.5 c.c. 
standard soap solution to give a permanent lather. 

If 70 c.c. distilled water take 1 c.c. soap solution for the extra 
70 ¢.c. of water added, 2 ¢.c. must be deducted. 

*, 29.5-2=27.5 mgr. CaCO, in 70 ¢.c, of sample = 27.5 grains 


88 CALCULATIONS IN HYGIENE 


CaCO, per gallon, of total hardness, corresponding to 27.5° of 
Clark’s scale (39.3 parts per 100,000). 
Permanent Hardness.—200 c.c. of water evaporated down 
to 100 c.c. filtered, &c., and made up to 200 c.c. as before. 
70 c.c. = 16.8 c.c. soap solution, 16.8—1=15.8 mgr. CaCO, in 
70 ¢.c.= 15.8 grains per gallon. 
Temporary Hardness.—27 5—15.8=11.7 grains CaCO, per 
gallon. 
(B) Standard soap solution. Strength: 1 cc.=2.5 mer. 
CaCO, (Parkes and de Chaumont). 
Total Hardness. - 50 c.c. of water are taken. 
0.2 c.c. standard solution produces a permanent lather in 50 c.c. 
of distilled water. 
é.g., 50 c.c, sample-water = 3.8 c.c. scrap solution. 
3.8-—0.2=3.6. 3.6x2.5=9 mgr. CaCO, in 50 c.c. of sample = 
18 mgr. CaCO, in roo ¢.c. or 18 parts CaCO, per 100,000. (12.6 
grains per gallon = degrees in Clark’s scale.) 
(Permanent and Temporary Hardness are estimated in a 
similar way after the usual preliminaries.) 


To reduce a soap solution of strength 1 ¢c.=2.5 mgr. CaCO, 
to a strength of 1 c.c.=1 mgr. CaCO,, take 10 c.c. of the former 
and “make up” with rec-ntly boiled distilled water to 2 5 esc. 

Estimation of Magnesia in Water after eliminating 
Calcium salts. #.g., 70 c.c. of water free from calcium required 
3.4 standard soap solution (strength 1 c.c.=1 mgr. CaCQ,). 

3.4 —1=2.4 grains CaCO, per gallon (vide supra). 

.. Hardness from magnesium salts is equivalent to 2.4 grains 
CaCO, per gallon. 

“. 2.4 0.56=1.9 grains per gallon of MgCO,. 


Estimation of Free and Albuminoid Ammonia. 


_ Wanklyn’s Process. — Standard solution of ammonium 
chloride. Strength 1 cc.=o.01 mgr. NH,--17. NH,Cl=53.5. 
17 213: 53.5 Pew 3.06 ‘grammes INC or 9) paras 
3.15 parts NH,Cl. 

3.15 grammes NH,Cl per litre =1 gramme NH, per litre. 

1 e.c. of this solution=1 mgr. NH,. 

to c.c. of this solution are made up to 1 litre with distilled 
water. 

“. 1.¢¢,=0.01 gr. NH. 

ExampLe.—(r1) Free Ammonia.— 50c.c. of water tested prov ision- 
ally with 2 c.c. “ Nessler” give a light tint, therefore 500 c.c. of 
the sample are taken for distillation. 


WATER a 
1st 50 c.c. distillate = 2.6 c.c. standard NH,Cl solution. 


2nd ” ” =1.2 ;, ” ” ” 
3rd ” ” =0.5 4 ” ” ” 
” ” 9 


4th ” ” BOE cers 
*, 500 c.c. water=4.3 ,, F . - 
0.01 (1 ¢.c.=0.01 mgr. NH,) 
” ” 29 = 0.043 mgr. NH, 
2 


Fooome, (titre), = 0.086, 5, , 


= 0.0086 centigramme NH, per litre or part per 100,000. 
(0.0086 x 0.7 = 0.0602 grain per gallon.) 


Albuminoid Ammonia.—After adding 50 c.c. alkaline perman- 
ganate to the remainder in the flask. 
Ist 50 ¢.c. distillate = 4.2 c.c. standard NH,C] solution. 


2nd ” ” =2.7° 9) ” ” ” 
3rd 7) ” =1.3 ” ” ” 
4th, ” A Pet ” ” ” 
500 ce. sample =8.4 ,, 3 o * 
(Som I 
3 3» »= 0,084 Ingr. NH, 
aie 
Poccse.(1 lit.),,, ° =—0o.168 3 


= 0.0168 centigramme NH, per litre or part per 100,000. 
(0.01176 grain per gallon). 


(2) 50 c.c. of water treated with 2 cc. “ Nessler” gave a 
darker colour. 
250 c.c. of the sample were put in the distillation-flask. 


Free Ammonia — 
Ist 50 c.¢c.distillate= 3.6 ¢.c. standard NH,Cl solution. 


Q 
2nd ” ” Ser SO Snags ” ” ” 
3rd ” ” = 1-4 ;; 9 9 ” 
4th ” ” ss des aE, 44 ” ” 
Beoe.c. Sample = -8.1  ,, a ai i 
2 
500 55 » =16.2 4, ” 9 ” 
0.01 {1 ¢.c. =0.01, mgr. NH,) 
eae ee o..02 mprcN He 
yi 
Boooc.c (rlit.),, = 0.324 , ;,. or 0.0324 centigramme 


NH, per litre, or parts per 100,000, 
0.0324 X 0.7 = 0.02268 grain per gallon, 
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Albuminoid Ammonia.—After adding 25 c.c. alkaline perman- 
ganate to the water remaining in the distillation-flask : 
ist 50 c.c, distillate = 2.1 c.c. standard solution 


2nd ” ” Palad 249 ” ” 
grd 99 ” = 0.8 ” ” ” 
4th ” ” See 
250.¢.¢. sample= 4-444, i” * 
2 
500 5) ” = 8.8 ” ” ” 
O20 T (Inert. » =0.01 mgr. NH) 
et ca cM eas = 0.088 mgr. NH, 
2 
r000c.c.(rlit.),, =o.176 mgr. ,, or 0.0176 centigramme 


NH, per litre 
= 0.0176 part per 100,000 
(0 0176 X 0.7 = 0.01232 grain per gallon.) 


Wanklyn Nesslerises the first 50 c.c. of distillate in estimating 
free ammonia, and adds 4 to estimate all the free ammonia in 
500 c.c. of water. The albuminoid ammonia is estimated per 50 
c.c. as before. 

f.g., 500 ¢.c. are taken : 

rst 50 c.c. distillate=1.5 c.c. standard solution (1 ¢.c.=0.01 
mer.) ; | 

4 of 1.5=0.5.0¢. 1.5+0.5= 2.0 ce standard foreqoorcc on 
water. 

2.0X 0.01 =0,02 mgr. NH, in 500 cc. or 0.04 mgr. NH, in 
1000 cc. (1 litre)=0.004 centigramme NH, per litre or part 
per 100,000. 

(In waters containing much organic matter the addition of 4 to 
the free ammonia in the first 50 c.c. does not represent all the 
ammonia. ) 

Albuminoid ammonia is Nesslerised in the usual way 
50 c.c. separately, 

Parkes and de Chaumont distilled off 130 to 150 e.c. of the 
water for estimating free or albuminoid ammonia, and _ took 
100 ¢.c. of the distillate for Nesslerising (or 50 c.c. diluted up to 
- too ¢.c. with ammonia-free distilled water if much ammonia, 
ascertained by a preliminary test of the distillate, were present). 

i.g., 250 c.c. of water were taken and 140 c.c. distilled over, 
the last part being free from ammonia. 

100 cc. of the distillate= 3.5 ¢c.c. standard ammon. chloride 
(112.0: 0,01. mgt.AN Hie), 

100 :140:: 3.5% #=4.9 ¢.c. solution for 250 c.c. of water. 

49xX0.01=0.049 mgr. NH, in 250 cc. of water. 


each 


WATER ot 


0.049 X 4=0.196 mgr. NH, per litre, or 0 o196 centigramme 
per litre=0.0196 part NH, per 100,000 (0.0196 x 0.7 =0.01372 
grain per gallon). 

Of the three methods the best is to distil and test each 50 c.c. 
separately both for free and albuminoid ammonia. 

If in the last case 1 ¢.c. standard solution =0.017 mgr. NH,, 

TOOLS AOL 63.580. C= 4.060, 450% 0.017 X 4= 0.3332 mer. 
per litre = 0.03332 centigramme per litre, 

or part per 100,000 of NH,. 

If there is little free ammonia, which may come off in the first 
50 c.c. of distillate, it is a waste of time to distil over 130 c.c. 
en bloc. 


Dissolved Oxygen in Water. 


I. Amount expressed as milligrammes per litre. 


Thresh’s Method.—The iodine liberated from an acid solu- 
tion of sodium nitrite and potassium iodide, in the presence of 
oxygen, is estimated by titrating with a standard solution of 
sodium thiosulphate giving a colour-reaction with starch. 

Standard solution of sodium thiosulphate. Strength : 1 ¢.c.= 
0.25 mer. of oxygen. 

2Na,8,0,.5H,O +], = 2Nal + Na,8,O, 

496 
I, (monovalent) corresponds to O (divalent). 
16 
16 grammes O: 0.25 gramme O:: 496 grammes thiosulphate : x. 
124 ; 
v= —e = 7-75 grammes thiosulphate. 


“. 7.75 grammes per litre=0.25 mgr. O per I c.c. 

Let ¢=c.c. cf standard thiosulphate used in estimating the 
umount of oxygen in the sample of water. 

f= capacity of stoppered tube in c.c. — 2 c.c. 

(““— 2 ec.” =deduction for 1 c.c. sodium-nitrite-and-potassium- 
iodide solution + 1 ¢.c. dilute sulphuric acid.) 

6=“correction” in c.c. for oxygen contained in these two 
solutions. . 

a ts is 5 ¢ thiosulphate 
solution itself. 

(At ordinary “laboratory temperatures” = 0.31.) 


aeehes (e —b -ed). 


If the capacity of the “separatory tube” be 252 c.c., f= 


(252—2)+ es = ys, and the formula becomes (e — 0 — ed). 


Amount of dissolved oxygen in mgr. per litre = 
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ExampLe.—252 ¢.c. of shallow-well water in “ separatory tube ” 
used 10.22 ¢.c. thiosulphate; b= 2.1 cc. d=0.31. 


IO0O 


are x {10.22 — 2.1 — (10.22 x 0.31)} =1x {10.22-2.41682} 


= 7.8 milligrammes O per litre. 

II. Expressed volumetrically as c.c. per litre. 

Winckler’s Method.—A solution of manganous chloride is 
oxidised to manganic chloride, and the iodine, liberated by the 
action of potassium iodide, is estimated by titration with a standard 
solution of sodium thiosulphate with starch as the indicator. 

Standard solution of sodium thiosulphate. Strength: 1 ¢.c.= 


O.1 ¢.c. oxygen. 
2Na,8,0,.5H,0+ 1, =2Nal+Na,8,0,. I,=O=11.16 litres. 


(496) . Lee, 
Il.16:1::496:a. «=44.4 grammes thiosulphate=1 litre 
oxygen. 
i ; grms. thiosulphate per litre: 1 c.c.=1 Ge, oxygen. 


== Outer eras; 


MnCl, solution = 40% KI to germs. ‘in t00 ¢.c. of 8V.NaHO, 


Exampie.—After adding to the water 2 c.c. manganous chloride, 
and 2 c.c. potassium iodide-and-caustic soda solutions, and finally 
3 c.c. strong HCl : 

250 c.c. water = 20.5 cc. standard bean) solution. 

‘2000 ¢.C. water O2.C:C..) i. = 
t c.c, standard = 0.1 cc. oxygen. 
. (1 litre) water = 8.2 c.c. dissolved oxygen. 


Oxidisable Organic Matter. 


I. Tidy’s Process.—Oxygen absorbed from standard potassium 
permanganate is estimated by titration with sodium thiosulphate. 

Standard solution of potassium permanganate. Strength : 
IO ¢.c. =I mgrm. of oxygen. 


4KMn0, + 6H,SO,= 2K,S0, + 4Mn8SO, + 50, + 6H,0. 


(652) (160) 

160 : 13:1 632 74-1 =3.05 grme.K MnO =7 erm oxyeen, 
3.95 ee per litre=1 grm. O per litre : 1 c.c. = 1 mgr. oxygen. 
0.395 grm. a peter ¥O°C.6) == 1 


Sodium thiosulphate solution : usually 1 grm. Na S0y 5H,O 
per litre. 

If the required strength is ‘“‘ 4oc.c.=1 mgr.O”:16:1::496:2. 
c= 31 grms.=1 grm. O. 3.1 grm. per litre=1 mgr. O per litre, 
3.1 grms. in 4 litres : 40 ¢.c.=1 mgr. O. . 
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EXAMPLE (1).—250 c.c. water at 26.7° C. (80° F.)+10 cc. 
standard permanganate+1o c.c. dilute H,SO,= 27.5 e.c. thio- 
sulphate solution. . 

250 c.c distilled water similarly treated = 39.3 c.c. thiosulphate 
solution. 

=10 cc. standard permanganate, 
=I mgr. oxygen. 

39-3 — 27-5 =11.8 cc, thiosulphate solution equivalent to oxygen 
taken up by organic matter. 

20 lice et mer, Ole o= 0,4 mor. O taken up by 250.c.c. 
of water,=1.2 mgr. per litre=o.12 centigramme of oxygen per 
litre, or parts per 100,000. 

(2) 200 ¢.c. distilled water treated as above = 38.0 cc. thio- 


sulphate solution. 
_ =10c.¢, standard permanganate. 


c= ter, oxygen. 
200 c.c, sample water treated as above = 22.7 c.c. thiosulphate 
solution. 
38.0 — 22.7 = 15.3 cc. thiosulphate representing oxygen ab- 
sorbed by organic matter. 
38.0:15.3::1:a. «=0.4 mgr. O absorbed in 200 c.c. of water. 
= 0,2 + 35 100 ¢.¢. 5 
or 0.2 part of oxygen per 100,000. 


Nitrites. 


Griess’ Test.—A colour reaction by nitrites acting on meta- 
phenylene-diamine and dilute sulphuric acid. Matched by standard 
solution of potassium- or sodium-nitrite. Strength 1 c¢.c.=0.01 
merm, N,O,. 

EXAMPLE.—100 c.c. water+1 c.c. metaphenylene-diamine solu- 
tion + 1 c.c. dilute H,SO, were matched by 8.5 c.c. standard nitrite 
in 100 c.c. distilled water similarly treated. 

1 c.c. standard = 0.01 mgr. N,O,. 


eos €.c. = 6,005 mMor, - in 100 c.c. of water. 
= 0.085 part 3 per 100,000. 
j 8 
N,=28. N,0,=76. N,:N,0,:: 28:76. Nie of N,O,=0.37 
nN) 


8.5 €.c.=0.085 X 0.37 =0.031 part per 100,000 of nitrogen. 


Nitrates and Nitrites. 
By the “zinc-copper couple,” or aluminium and caustic soda 
method, all oxidised nitrogen=ammonia; this is estimated by 
Wanklyn’s process. 
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EXAMPLE.—500 c.c. water originally contained 0.006 part per 
100,000 of free ammonia. 


250 ¢.c. from the same sample after the zinc-copper process by 
Nesslerisation = 0.28 part per 100,000 of ammonia. 0.28 — 0.006 
=0.274 part of ammonia per 100,000 from nitrates and nitrites. 

To express as “nitrogen in nitrates and nitrites”: N= 14. 


NA = ss NPN Bieri ea 7 =-1 NH, 


I : 
+5012 WAX ri. 0.23 nitrogen per 100,000 of water. 


Nitrates. 


Phenol-Sulphonic Method.—Colour-1eaction obtained by 
acting on nitrates with phenol-sulphonic acid and ammonia, and 
matching the colour witha standard solution of potassium nitrate 
similarly treated. 

Standard potassium nitrate solution. Strength: 1 ¢.c.=0.1 mgr. 
nitrogen. 


°..9.722 em. KNO® per litre.” 1 ¢.c. 0.1 mer ie 


ExamMpLe.—(A) 25 ¢c.c. water-sample evaporated) Made up to 50 
to dryness c.c. with dis- 

+2 cc. phenol-sulphonie acid tilled water in 

+ 20 cc. (or q.s.) strong NH, solution. } Nessler-glass, 


(B) 10 ce. standard potassium-nitrate solution 
+2 ¢.c. phenol-sulphonic acid PH 
+ 20 c.0¢. (or g.s.) strong NH, solution. 


The latter (B) gave the darker colour, and was carefully 
‘‘ poured off” from the Nessler-glass till 20 ¢.c. remaining had 
the same colour as the contents in the other glass (A). 


= of 10 «c.=4 cc. standard nitrate solution matched 


colour due to nitrates in 25 c.c. of sample-water, 
1-¢,¢,=0.1 mer N. 4 ¢.c.=o,4mer. Nain 25 CeAcl camp. 
water, 
=1.6 mgr. N in 100 c.c. of sample-water. 


or 1.6 parts ,, 100,000 ,, as 
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Quantitative Estimation of Lead, Copper, Iron 
and Zinc. 


Standard Solution of Lead Acetate. 

Be2(C.11.0,).3H.0 = 370.Pb = 207: a = 1.83 lead acetate. 
1.83 grms. acetate per litre=1 grm. lead per litre. 
I ¢.c.=1 mer. of lead. (0.183 grm. per litre: 1 c.c.=0.1 grm. Pb.) 


Standard Solution of Copper Sulphate. 


CuS0O,.5H,O = 249.2. Cu=63.2. Tae = 3.94 copper sulphate. 


3-94 grms. per litre =1 grm. copper per litre. 
I ¢.c, = 1 mgr. of copper. (0.394 grm. per litre: 1 ¢.c. = 0.1 grm. Cu.) 


Standard Solution of Ferrous-Ammonium-Sulphate. 

Fe2(NH,).2(SO,).6H,O = 392. Fe= 56. ce = ferrous 
ammonium sulphate. 
festms. per litre=1 grm. iron per litre. 1-¢.c;=1 mgr. iron 
(0.7 grm. per litre. 1 c.c.=o.1 mgr. Fe.) 
Standard Solution of Zine Sulphate. 

8 
Zn80,.7H,O=287. Zn=6s. Ge m4 ANS. 


4-415 grms. per litre=1 grm, zinc per litre. 1 ¢.c.=1 mgr. zine. 


oe, §4, 1 ¢.cC.=0.r mer. Zn.) 
EXAMPLE.—200 c¢.c. sample water evaporated down 
to 100 ¢.c. (containing lead) In 100 ce. 
+2 drops acetic acid Nessler- 
+ 2 drops concentrated ammonium-sulphide glass. 
solution. 


Is matched in tint by 100 c.c. distilled water 
+1.5 ¢c.c. standard lead-acetate solution 
Crccrant mgr Ph.) = 
+2 drops acetic acid 
+2 drops ammonium-sulphide solution. | 
I.5 X0.1=0.15 mgr. of lead in 200 c.c. of sample-water. 

=0.075 9) 99 9-99 LOO 5) 99 ” ” : 
= ,, part per 100,000 (0.075 xX0.7=0.525 grain 


per gallon.) 


CHAPTER VI. 


SOIL. 


Percentage of Air in Soil. 


Loose Soil.—c.c. of dry soil: 100 : : cc. of water used: per- 
centage of air. . 


. ¢¢, of water used 
Percentage of air = —_—________ x 100. 
c.c. of dry soil 


EXAMPLE. 
Soil dried at 100° C. and powdered, measured in burette= 
25 C6, 
Water from second burette rising to upper level of soil = 
EO, aris 
(es 


28 i TOO Una ceram ge Cae %, of air. 


Porous rock. 
Let W, =weight of dry rock in air. 
W,= ”? ”? ” 99 Wi iter. 
% - satiirated rock in air. 
W.- W,, =loss of weight in water (weight of an equal volume 


of water). 
W,- W,= weight of water absorbed. 
Loss of ‘weight In water; 100 : : weight of water absorbed : 


percentage of air, 
Weight of water absorbed 


Loss of weight in water 


EXAMPLE. 
_ Weight of dry rock in air=112 grms. 
spike POG: > Water ers 
» 9, Saturated rock in air=125 grms. 
I12—72=40 grms. loss of weight in water. 
125—112=13 ,, weight of water absorbed. 
40 : 100: : 13 : percentage of air, 
13 
4 


x 100 = percentage of air. 


75 X 100 = 32-5 ay 
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Percentage of Moisture in Soil. 


“ Moisture ” = air + water. 

Weight of soil before drying ; 100: : loss of weight after 
drying; percentage of moisture, 
loss of weight after drying 

weight before drying 
ExampLe.—Moist soil = 10 grms. 


After drying at 100°=6.5 grms. Loss of weight = 10.0 - 6.5 
= 3.5 orms. 
10: 100:: 3.5: Percentage of moisture = 35. 


Percentage of moisture = x 100. 


Specific Gravity of Soil. 


1. ‘Apparent Specific Gravity.’’ (Soil containing air.) 
_ __ Weight of known volume of soil 
~ Weight of an equal volume of water 


ExampLe.— Weight of dry cylinder + dry soil= 1206 grammes. 
i » cylinder + distilled water=943 a, 


(water = 1). 


» yy dry cylinder (empty) = 387 a 
1206 — 387 = 819 grammes = weight of soil. 
943 - 387 i 556 ” ae ” ” water. 


556: 1:: 819: apparent sp. gr.=1.473 (water =1). 

Weight of soil. 

f an equalvolume of water 
( = weight of water displaced by soil). 

EXAMPLE.— Weight of soil = 5 grammes, 

Weight when sp. gr. bottle is full of distilled water = 25 grammes. 


2. True Specific Gravity = RVereiio 


” of ” ” empty = 12.25 34, 
” ” ” ” + soil + distilled 

water (both boiled 

and freed of air) st AO 2a ass 


40.2 — 12.25 = 27.95 grms. (soil and water in bottle) 
(5 +25) — 27.95 = weight of water displaced = 2.05 grammes. 


Sa = 
True sp. gr.= > ae (water = 1), 
3. Pore-volume, or Volume of soil occupied by air: 


Apparent sp. gr. _ I. — 3 
True sp. gr. 
1 —0.6=0.4 or 40 ve ‘* nore-volume.” 


= 0.6 of total bulk occupied by soil. 


G 


98 _ CALCULATIONS IN HYGIENE 


4. Water Capacity of Soil (Percentage of pore-volume that 
can be filled with water by capillarity), 
Weight of dry cylinder (with perforated base)= 377 grammes. 
- * A +dry soil =11o2 4 
” ” ” + wet ,, = 1277 ” 
I102— 377=725 grammes dry sand in cylinder. 
1277 —1102=175 93 water absorbed by 725 As 


dry sand. 
725:100::175:a=28 per cent. weight of water absorbed. 
‘‘Pore-volume=4o per cent.” .*. 40: 28:: 100: %=70 per 


cent. of pore-volume = water capacity of soil. 


CHAPTER VII. 
SEWERAGE. 


Circular Pipes. 


‘‘ SECTIONAL AREA”: that of a transverse section of the fluid, or of 
the interior of a pipe =r? (the area of a circle). 

“ Wetted perimeter”: length of arc, in a transverse section, 
wetted by the contained fluid. 
Sectional area of fluid 

Wetted perimeter * 


In a circular pipe the ‘“HM.D.” is always 4 the diameter, 
whether the sewer is running full or half-full. 

If running full: Sectional area of fluid =internal circular area 
of pipe=zr?. Wetted perimeter =circumference of circle = arr. 


Hydraulic mean depth = 


; Diameter 
7 =radius = ————_. 
/ 
2 Di t 
are 7 iameter 
H.M.D., = — =- = ————_ 
2nr 2 4 


dPconnine se full eo MS Dis aa 
: Tv 


2 


Velocity of Flow: V=55,/2 DxF. 

Eytelwein’s Formula founded on that of De Chezy. 

V =velocity in feet per minute. 

D = Hydraulic mean depth in feet. 

F = fall in feet per mile. 

V x Sectional area in feet = Discharge per minute in cubic feet. 

ExampLe.—(1) A g-inch drain is to have a velocity of 3 feet per 
second. The required fall or “ gradient” is to be calculated. 

H.M.D. =} of 9 inches = ;3, foot. 

Velocity = 3 feet per second = 180 feet per minute. 
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By the above formula: | 
a een te Se 2 
55, /2x3,xF=180. /fF= oF sF= (=) 
F= ieee x 2S 3456 _ 28.56 feet per mile. 
121 raf eon 
(1 mile= 5280 feet). .*. fall=xr in 185. 

2. A 6-inch drain has a gradient of 1 in 60. What is the 
velocity of flow and discharge per second if the pipe is half full ? 
60:5280::1:%=88 feet per mile. 

H. M. D.=} of $=} foot. 


V=55/2xX$X 88 


Vie mea a2: 
=55X 4.69 = 258.0 feet per minute. 
.. velocity = 4.3 9» 9) _ Second. 


. If the drain is running full the sectional area=7r’; 6-inch 
diameter = + foot radius ; 


sectional area = 3.1416 x (4)’sq.ft. = 3.1416 Xs sq.ft. = 0.1968q. ft. 
When half full the sectional area = 0.068 square foot. 
Discharge = sectional area x velocity = 0.098 x 4.3. 
= 0.4214 cubic foot per second. 
(25.28 per minute; 1516.8 per hour) 
= 9404 gallons per hour (1 cubic foot = 6.2 gallons). 


(3) A circular sewer having a fall of 1 in 200 has a current 

velocity of 2.5 feet per second. Calculate the necessary diameter. 
Fall= 1 in 200;.per mile‘: 200 : 1: ::5280 : @= 26.4 feet, 
Velocity 2.5 feet per second = 150 feet per minute, 


HMD.= diameter 
/ diameter 
‘ EOS 2X |X 26.4 
5 55 \/ 4 


150=55 ,/13.2 X diameter. 
150\2 wear 
—~ } =13.2 x diameter in feet. 


ape ie 

Bea 

a =13.2 x ” ee 
goo X12 : ae: 
+--+ /= GIA meter 1m Inehes == 74. 
127 M132 


Maguire’s Formula: To calculate the fall or gradient in 
circular drains and sewers (diameter 3’—10). Diameter in 
inches Xx 10: | 


- 
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Bea tali4o; 6 = 1 in'6o; 0 = fin’ Go, ke, 

When drain-pipes are running half- or more than half-full the 
incline may be less; usually they are not more than } or } full, 
and the inclines given should be carried out (W. C. Tyndale.) 

Bailey Denton and Baldwin Latham recommended smaller 
gradients : 


Velocity 
per second. 
Diameter. 2 feet. 3 feet. 4 feet. 
4 Falle7 in 194 92 52 F 
: . 292 137 80 | Running full 
9 ” 437 206 119g or $ full. 
12 583 2754 0/359 


Velocity in feet x inclination =length of sewer. 

fi.g., velocity =“ 4 feet per second.” Fall=“1 in 119.” 

Required length of sewer = 4 x 119 = 476 feet. 

Civil engineers in planning drainage systems are guided by the 
following practical rules : 

As regards main sewers : 

1. On the Separate System—admitting sewage proper and 
rainfall from back roofs and yards only: The allowance is 4o 
gallons per head, or 200 gallons per house, made up as follows: 

25 gallons per head for water-supply (which practically all goes 
into the sewer); 15 gallons per head for rainfall. 

The usual allowance per head for backyards and roofs (in the 
separate system) is roo square feet, and 4+ inch of rain upon an 
impervious surface of this extent yields 13 gallons. Deducting } 
for loss by evaporation and absorption (= 3.25 gallons) the actual 
flow-off is 9.75 or g# gallons. The allowance for rainfall is pur- 
posely taken high to allow for thunderstorms. 15 gallons = # inch 
of rainfall daily on a surface of 100 square feet. 

As the flow of sewage is variable, half the total daily volume is 
allowed to be discharged in 6 hours, and sewers are constructed of 
such a size that will discharge this amount when running half full. 

The Local Government Board requires that all sewers. on the 
separate system shall be capable of discharging six times the dry- 
weather flow when running full; after which storm-water over- 
flows may discharge the excess into the nearest water-course. 
The dry-weather flow of sewage is practically the volume of the 
drinking-water supply—usually calculated at 25 gallons per head. 

25x6=150 gallons. This is what a sewer must be capable of 
discharging at a minimum velocity of 2 feet per second. 

2. On the Combined System: 1. The areas to be estimated 

from Ordnance maps or actual measurements) are: 

(a) the area built over, and (0) the area of the roads. 
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2. Allowance must be made for the maximum known rainfall 
of the district for 24 hours, taking it at the highest recorded rate. 
per hour. 

3. Add to this the flow of sewage proper—i.e. 25 gallons per head. 

The result is the total volume to be discharged per hour, and 
from this the size of the sewer is determined. 

Allowing for a rainfall of 14 inches per hour, a pees drain 
laid at a uniform inclination of 1 in 60 has a discharging capacity 
sufficient for the drainage of a building containing 20 inhabitants, 
and an area of 11,000 square feet ; a 5-inch drain for 50 inhabi- 
tants, and an area of 19,000 square feet ; and a 6-inch drain for 
100 inhabitants, and an area of 30,000 square feet (Lawford). 

I am indebted to Mr. G. Maxwell Lawford, M. Inst. C.E., of 
London, for the following data and for the Scale-Drawing : 

Lawford’s Formule for the Velocity and Discharge of Sewers 
and Water-Mains : 


1. For velocity : v=4 = x Rx 8, 
(R°7 = Reo = /R? sid S°s = 8} =,/8) 
2. For discharge: Q= “a x R27 x 8°53 x 4695.7. 


V = velocity in feet per second. 
95 acceleration of gravity = 32.2 feet per second. 
= coefficient for roughness of surface. 
=o.5 for new or clean asphalted cast-iron pipes, glazed 
stoneware pipes and glazed or vitrified brickwork, cc. 
=0.55 for cast-iron pipes after some use, well laid concrete 
tubes, &c. 
= 0.6 for encrusted iron pipes, rough brick-work, &e. 
R= hydraulic mean radius (or “ depth”) in feet. 
diameter : , 
=————— for circular sewers, pipes, dc. 
sectional area 
~ wetted perimeter 
S =slope of water surface. 
head of water in feet 
~ length of pipe or sewer in feet 
Q=quantity of water or sewage discharged in gallons per 
minute when running full. 


for egg-shaped sewers. 


= hydraulic mean gradient. 


ExaMpLe.— What diameter is required for a glazed stoneware 
pipe sewer to provide for a population of 10,000, the available 
fall being 1 in 500? 
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Total daily discharge = 10,000 x 25 x6. 
= 1,500,000 gallons per 24 hours. 
Maximum flow = half in 6 hours. 
= 750,000 gallons in 6 hours. 
= 2083 gallons per minute = Q. 
2g 64.4 I 


- Scie =128.8. S= ati 6,002, 8°? = ,/0,002 =-0,0447, 


“40-77 
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Fic. 24.—Egeg-Shaped Sewers. Diagram showing pro- 

portions of dimensions and radii. The horizontal diameter 

being 1, the diameter of the invert is 0.5, the total depth is 
1.50 and the radii of the sides is 1.50. 


OA=0D=OA!=1.00. 

Curve FK=are of circle having centre at A, and radius 
AF=1, 50. 

Similarly, curve BC=are of circle having centre at Al. 


re 2083 
ies J aa X 0.0447 x 4695.7 | 0.383. 
and 0.383 x 4= 1.53 feet = 18 inches (nearly). 
... diameter required = 18 inches. 

EXXAMPLE.— What size of brick sewer is required for a popula-. 
tion of 80,000, the available fall being 1 in 1000? 

Maximum flow (calculated as above)=16,666 gallons per 
minute. 


M=0.55. <2 = 117.09. S=o0.001. 8% =,/0,001 =0.0316. 
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Ry 16,666 


PEpGg x OOTTORE CUE Tm mG aie 


or 4 feet diameter. 
An egg-shaped sewer of the same sectional area 


= 5 feet x 3 feet 4 inches. 


Deducting 4 from diameter of circular sewer (vide supra) 
= 4 feet less 8 inches = 3 feet 4 inches. 


CHAPTER VIII. 
DIET AND ENERGY, 


Data necessary (1) a standard diet, “ordinary,” “rest,” or 


“hard work” for the energy required. 
(2) the percentage composition of the food. 
Water-free ordinary diet for an adult (=300 foot-tons of 


energy * daily). 


Ounces. 
Sate ; ae ‘S| 42 ounces for “ hard-work.” 
° .O Gb ” 
Carbo- hydrates . Pe gion oa 7 he 
Salts eS cays yen: “ hard-work.” 
“l- i, ‘Srest.” 
22.5 ounces, 
In terms of nitrogen and carbon: 
Grains. Grains. 
Diet for rest. ; 200 4000 
, sordinary work 300 5000 
hard work . : 400 6000 


9? 


Percentage composition of foods, &c. : . 
Bread. Milk. Meat. Butter. Cheese. Oatmeal. 


(uncooked) 


Water. ih 40.Oee 56,00. Fh. 722.0 Vg 7:0 

Proteids . . 8.0 AO <2ER-O Opes 4335 16.5 
Fats. ee TS 3.0 Sis: . -GA,5) | (24.0 6.5 
Carbo-hydrates. 49.0 4.3 — 1.0 — 63.0 
Salts : a bes Su E5 1.5 AG och 


100.0 100.0 100.0 100.0 100.0 
Food for a child: 
Age 2 years: 3, (0.3) of the adult’s standard diet for ordinary 
k 


work. 
* “ Foot-ton ”’=amount of energy that will raise 1 ton 1 foot in height. 
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Age 3-5 years: 3‘5 (0.4) of the adult’s standard diet for ordinary 
work, 
Age 6-9 years: 35, (4) of the adult’s standard diet for ordinary 
work. 
EXxAMPLE.—To Calculate the Quantity of Bread, Butter 
and Cheese necessary for an ordinary Day’s Work of 300 


Foot-tons of Energy. 

Proteids. Fats. Carbo-hydrates. 
Standard ordinary diet 4.5 3.0 14.0 per cent.( = total diet). 
Composition of bread. 8.0 15 400 ime: 


i. ,, butter 3.0 85.0 — 35 
" », cheese 33.5 24.0 — 5 
oz. oz. prds. | ide 
Let x = oz. bread—by Simple Proportion :100:x::8: proteidsin bread , 
8x 
| Ioo ” ” 
Let y = oz. butter 3 ¥ LOO! VETS) doe eee 
at A 
; Io0o 3 9 
Let z = 0z. cheese He 3. TOO2242'33.57 05; seclieeae. 
33°92. 
TOOav: ey x 
8x Y | 33-52 ; 
and me se ae + ey a) 5 ee 
He, 85y 5 
Le Tens ieee tise at (fats). 


and 42° = 14 (carbo-hydrates). 


Reducing these peu (multiplying by 100): 
(1) 8e+y + 33-5#= 450. 
(2) 1.5% + 85y + 242 = 300. 
(3) 49v=1400. x= 28.6 ounces of bread. 
Replacing in (1) the value of «: 
(8 x 28.6) +4 + 33.5%= 450. 
(A) y+ 33-52 = 221. 
Replacing in (2) the value of « : 
(1.5 x 28.6) + 854 + 242 = 300. 
(B) 85y +242 = 257. 
Multiply (A) by 85 : 85y+ 2847.52 = 18785. 
Subtract (B): 85y+ 24.0%7= 257. 
2823.52=18528 
2= 6.5 ounces cheese. 
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Replace in (2) the respective values of x (28.6) and (6.5) 
*, 42.9+ 85y + 156 = 300. 
85y + 198.9 = 300. 
y = 1.2 ounces butter. 
The required quantities are: 28.6 ounces bread; 1.3 ounces 
butter; 6.5 ounces cheese, 


To Calculate if 14 Pounds of Bread and 60 Ounces of 
Milk will be a sufficient Diet for a man doing an ordinary 
Day’s Work. 


Carbo- 
Proteids. Fats. hydrates. 
100 oz. bread = 8 02. 1.5 OZ. AQ OZ. 
8 x 24 Ie a 49 
eee Fig ORE AOA Segmented 602. : = 11.7 02 
Too oz. milk = Cte 250) i; ig 5 a 
4X60 _ 3 x 60 © 4.3 X 60 | 
60 ” et ge avr 1.8, se ” 
Total (131b.and600z.) = 4.32 ,, e167 TA.2ey 
Ordinary diet == 4-5O",, 2.008%, 14,08,; 


The above diet is therefore somewhat deficient in proteids and 
fats, but is more than enough in carbo-hydrates. 


To Calculate the Amount of Meat and Bread necessary 
for a Daily Diet in Terms of Nitrogen and Carbon. 


Nitrogen. Carbon. 
Ordinary day’s diet (moderate wor e = 300 grains, 5000 grains. 
I pound of meat EL OOle.., LgCcom ss, 
I -s bread = OOnge ZOOORI A; 


Let «= pounds of meat required (1) 190” + goy = 300 grains N. 
Let y=pounds of bread required (2) Ig00x+ 2000¥ = 5000 
grains é 
Multiply (1) by 10: 1goox + gooy = 3000 
Subtract the result from (2): 1100¥= 2000. 
y = 1.8 pounds bread. 

Substituting the value of y in (1) 190” + 162 = 300. 

%=0.7 pound = 11.2 ounces meat. 


Energy evolved. 


Internal work of the body (circulation, respiration, &c.) = 2800 
foot-tone. 
External ,, ~ » (average) Light 150 foot-tons. 
Moderate 300 5 
Hard 450 - 


Laborious 600 + 
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De Chaumont’s Formula for calculating external Work: 
Ordinary = (300 x 5) = 1500 foot-tons. 


Above ,, =(300 x 5)+| 300 x 1) = 1500+ 1050) = 2550 ft.-tons. 


Hard = (300 x 5) + (300 x r) + [300 x 2) + 1350=3600 ,, 
Laborious = (300 x 5) + (300 x 1) + (300 Ce 2) + (300 x 3) = 
3600 + 412.5 = 4or2.5 foot-tons. 


II 
In round numbers 300 x (5 + ] +54 Fas oe ) = 300 X [14 = 4200. 
.. Total external work = 4200 foot-tons, 
5° imbernal 4 9= 2800 * 
7000 " 


The food necessary for 450 foot-tons of productive work must 
provide 2550 foot-tons of potential energy for external work + 
2800 foot-tons for internal work = 5350 foot-tons. | 
A, or = of potential energy for external work, is 


available for productive labour. 


Therefore 


De Chaumont’s Formula for productive Work: 
Ordinary : 300 x 1 = 300 foot-tons. 


Above ,, A »» +(300 x $)=450 foot-tons. 
Hard: c. 3 »  +(300x +)=525 foot-tons. 
Laborious: ,, s mA . +(300 x 4)= 


562.5 foot-tons. 
ExampLe.—A man is doing light work (e.g. 250 foot-pounds) ; 
how much cooked meat would he require to provide the necessary 


amount of energy ? 
roo ounces of cooked meat contain 28 ounces of proteids and 


15 ounces of fats. 
I ounce proteid= 173 foot-tons potential energy. 


I ounce fat= 378 s y » 


28xX173= 4844 ” ” ” 
15 x 378= 5670 ” ” ” 
100 ounces cooked meat = 10514 A’ - re 
Deducting 2800 for internal work 2800 
/ 7 I -f +P] oP] 9 
available for external work, and of this only + is represented by 
actual work, or about 1543 foot-tons of actual work. 
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Let «=ounces of meat necessary for 250 foot-pounds of actual 
work : 


1543 : 250:: 100: x=16.2 ounces cooked meat. 


(By a previous example 28.6 ounces bread, 1.3 ounces butter 
and 6.5 ounces cheese were found to be suflicient for 300 foot- 
tons of work, therefore 23.6 ounces bread, 1.8 ounces butter, and 
5.4 ounces cheese will provide 250 foot-tons of work.) 

Energy expressed in terms of heat-value, or ‘calorific capacity.” 

1 calorie=amount of heat necessary to raise 1 gramme of 
water 1° O. 


+ or § total potential heat = actual heat. 


1 = 
tor} ~e a sau, = work, 
Potential energy available from diet: 
PROTEIDS. FATs, 
r ounce, I gramme. r ounce. I gramme. 
Foot-tons 173 calories 4.1 | Foot-tons 378 calories 9.3 
CARBO-HYDRATES. 
r ounce. I gramme. 


Foot-tons 138 calories 4.1 


To Calculate the Heat-value of a Food in calories. 

-ExAmMpLe.—Oatmeal contains per 100 parts (taken as grammes) 
Proteids 12.5(1 gramme = 4.1 calories) = 12.5 X 4.1= 51.25 calories, 
Fats 6.5 - Sol’ be ae meet 6.5xX9.3= 60.45 ,, 
C.-H. 63.0 me A Yolgley = ese OP MALT = 35O. 30 


ll ll 


370.00 ” 


Calculation of Mechanical Work.—Height x weight = foot- 
pounds or foot-tons of work. 


Let W = weight in pounds. 
H = vertical height in feet. 
- W x H=foot-pounds of work. 
If H=height in miles, 5280 feet =1 mile: 


W x 5280 H=/foot-pounds of work. 


To express foot-pounds as foot-tons: 2240 lbs, =1 ton. 


W x 5280 
2240:(Wx5280):1:2= Sie os foot-tons. 
Allowance made for ‘‘ traction” or resistance: 
Moving along a level at 3 miles per hour=lifting the entire 
weight vertically =}, of the distance traversed, or lifting ,'5 weight 
the whole distance At 4 miles per hour this “ co-efficient of 


1 ” a } 1 
traction” becomes ;',; at 5 miles, 5’. 
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Energy at 3 miles per houralonglevelroad = SZoee X sly ft.-tons, 
| Wx5280 | 
2 4 5 ” ” Le ge40 X>7 ” 
WX 5280) 5 
” 5 on ” 9 Tar 2240 _ Tir ” 


““W” denotes the entire weight carried and includes the weight 
of the individual and of all impedimenta—e.g., clothes, &c., which 
weights are to be added to the body-weight. 

If there is an ascent, the “rise” must be known, and the 
additional energy is to be calculated and added to the work done 
on level-ground. 

E.g., supposing the “rise” is 1 in 400 feet, and the entire 
distance walked = 5280 D feet : 
5280 D 


400 


The energy for this additional distance = 13.2 D x 43 foot-tons. 


ft. of vertical distance = 13.2 D ft: 


- 


400: 5280 D::1:@= 


The total energy is the sum of both: 


Bee x coefficient of traction + ( 1352.) x aa 
2240 \ 2240 
Exameie.—A soldier 10 stone in weight carries a kit, &c., of 
60 lbs. and marches, at the rate of 3 miles per hour, a distance of 
7 miles, the ascent being 1 in 500 feet. Calculate the amount of 
work done in foot-tons. 
W = 10X 14+ 60= 200 lbs. 


8 
20S AS? See = = 165 foot-tons along a level. 


9) 


‘ 


2240 2 
8 
5O0.5 (5080 4% 7) ta heer =a ees 73.92 ft. of vertical ascent 
1 to: 20°. — 6.6 foot-tons of 
equal to: 73.92 x37 7 = 6.6 foot-tone of energy. 


.. Total energy = 165 + 6.6=171.6 foot-tons. 


CHAPTER IX. 
FOODS. 


Milk. 


AVERAGE specific gravity at 60° F.= 1031 (water = 1000), 


Correction for Temperature. 

The sp. gr. of milk falls 1° for each rise of 10° F. above 60° F., 
and, vice versd, rises 1° for every fallof 10° F. below 60° F.—.e., 
inversely as the temperature. 

To correct: add or subtract 1° for every difference of 10° F. 
above or below 60° F. 

iegnnp. er.av4o H.=1029. roz9—2) _ 0 

7 oy 70 Ei= 1026. 1026+ b= CEE AM 

For differences of temperature less than 10° F. the same pro- 
portion may be taken as approximately correct : 

fi.g., Sp. gr. at 46° F.=1030. 60-46=14° F. 

TO) thet a. = 0,4, 1030-04 1029.0=sp. gr. at 6o° F. 


Total Solids. 


Weight of 10 c.c, milk + capsule = 44.58 grammes. 
» only= 34.32 5 
= 10.26 A: 


9 9 


Weight of total solids + capsule after evaporation. 
= 35.67 grammes. 


af = capsule =e be 
1.35 ” 
10.26 : 100: : 1.35 : ©=13.15 per cent. of total solids. 


Adam’s Process.—MetuHop.—1o grms. of milk are absorbed 
by fat-free bibulous paper, dried and extracted (12 syphonings) 
with ether in Soxhlet’s apparatus. The ether is evaporated off 
and the residual fat is dried and weighed in a tared flask. The 
percentage of fat is calculated. 


EXAMPLE,—Io0 grmeg, milk are treated as above, 
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Weight of tared flask + fat = 28.867 grammes. 


. 7 alone = 28.594 y; 
» fatintogms.milk= 0.273 , 
yy LOO ” we wes ” 


” 
= 2.73 per cent. of fat. 
3.0 — 2.73 =0.27 per cent. below the standard. 


Werner-Schmidt Process.—A known quantity (10 gms.) 
of milk is placed in a specially graduated tube 
(Stokes’, Fig. 25, or Schmidt’s) and boiled 
with ro c.c. of strong hydrochloric acid. The 
casein is destroyed. The contained fat is 
extracted with ether (added up to the 50 c.c. 
mark) and estimated after evaporating the 
ether, and correcting for the residue left in 
the tube. 


ExaMPLe.—to c.c. milk + 10 c.c. strong HCl. 
Boil and cool. Add ether up to the 50 c.c. 
mark; shake. Sp. gr. of milk = 1031, 20 c.c. of 
ether were placed in a weighed dish, evaporated 
off and the dish dried. 


Weight of fatty-residue + dish = 39.016 gms. 
SS dish = 25.752 ee. 


Fat in 20 c.c. of ether= 0.264 ,, 


Ether left in tube = 8.6c.c.| _ 28.6 cc. total 


: amount of ether 
» pipetted from tube containing all the 
=2 0.0 C.C. fa; ; 


Fic. 25.—Stokes’ Tube. 


20 : 28.6: : 0.264 :*=0.377 gms. fat in 10 c.c. of milk. 
mame ” 9»  I0o ” 


Sp. gr.=1031. ... weight of 100 cc. = <3" = 103.1 grammes. 


*, 103.1 : 100: : 3.77 : &= 3.65 per cent. of fat, or 0.65 per cent. 
above the standard. 
If, instead of calculating its weight from its volume and 
specific gravity, 10 gms. of milk are weighed out: 
“. 0.365 gm. fat in ro gms. of milk. 
= 3.65 per cent. of fat. 


Hoppe-Seyler’s Process.—Fat, casein and earthy phos- 
phates are precipitated from a solution of milk by adding a little 
acetic acid and passing a curent of CO). The precipitate is 
filtered, and the retained fat extracted with ether in Soxhlet’s 
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apparatus, dried and weighed. ‘The filtrate contains serum- 
albumen and lactose. The former is separated by boiling and 
filtering and weighed. The second filtrate contains sugar and 
salts. The former is estimated by titration with a standard. 
solution of Fehling (10 ¢.c.= 0.067 gm. lactose). 


- Ritthausen’s Method. 


(1) to cc. of milk are diluted with 200 c.c. of distilled water 
and neutralised with a standard solution of copper sulphate and 
caustic potash (62.82 gms. CuSO, per litre; 1 c.c.=0.1 gm. CuO). 

The precipitate, consisting of fat and albuminate of copper, is 
collected on a filter-paper of known weight by suction. 

The fat is extracted by Soxhlet’s method and weighed. 

(2) The albumen is calculated by the difference in weight of 
the filter-paper before and after the extraction of the fat, 
deducting the weight of copper oxide in the precipitate. 

(3) The filtrate contains lactose, which is calculated by titrating 
with a standard solution of Fehling (10 ¢.c. =0.067 gm. lactose). 


EXAMPLE: 
1. Weight of fat-flask + extracted fat = 19.957 gms. 
” 9 », alone =19.635 
difference = 0.322 gm. fatin 100 c.c, 
milk, 


= 3.22 per cent, of fat. 
2. Weight of filter-paper (in test-tube) i 
yy, SHDuMen =i 251 -2ms. 
» - Copper oxide | 
» 9, filter-paper (in test-tube) only = 16.730 __,, 


difference= 0.521 gm. albu- 
men and copper oxide in 10 c.c. milk. 
0.521 —0.1=0.421 gm. albumen. 
= 4.21 per cent. of albumen, 
3. Filtrate from (1) made up to 300 c.c, 
44.8 ¢.c. were required in titrating 10 c.c. of Fehling’s solution 
(= 0.067 gm. lactose). | 
“. 44.8 : 300 :: 0.067 : «=0.44 gm. lactose in ro c.c, of milk. 
= 4.4 per cent. of lactose. 


Richmond’s Formula.—To calculate the percentage of fat, 
total solids and sp. gr. being known. 
Percentage of fat = (Total solids x 0.859) - (“G” x 0.2186). 
“G”=last two units of the specific gravity and any decimal ; 
or, =specific gravity -- 1000. 
H 


=2116¢9 


C—2796 


i} oo 
a 
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Fic. 26.—Richmond’s Slide-Seale. 


H.g., total solids= 10.8. Sp. gr. at 60° F.= 
TOST:5.. AG ears: 
Percent. of fat = (10.8 x 0.859) — (31.5 x 0.2186). 
= 9.2772 — 6.8859. 
= 2.39 per cent. of fat. 
By the.above formula the third term can be 
calculated if the other two are known: 
fig, percentage of fat=3. Sp. gr.= 1032. 
To find tctal solids : 
3 =0.859u. — (32 X 0.2186). 
34+6.9952=0.859". 2=11.63 per cent. of 
total solids. 


A more recent formula for calculating total 
solids is: 

Total solids = 1.2 X percentage of fat + 0.14 + 
025G. 

The above example would give: 


1.2 X 34+ 0.14 +.0.25 X.32'= 11.74 perveens, 
of total solids. 


Richmond’s Slide-Scale (Fig. 26).—If two 
terms are known the third can be found. The 
sliding-scale in the middle indicates specific 
gravity; the upper one, fat; and the lower, 
total solids. 

If specific gravity and fat per cent. are 
known, place the arrow-head (of the sliding- 
scale) under the figure denoting the per cent. 
of fat, and the specific gravity figure will coincide 
with that for total solids. 

If specific gravity and total solids per cent. 
are known, let these figures coincide on the 
scale, and the arrow-head will indicate the 
percentage of fat. The scale is used in con- 
junction with other methods (e.g., Leffman 
Beam’s process for the estimation of fat) as an 
approximate check on the results. 


Milk Standards.—Fat = 3 per cent. 

Solids not fat=8.5 per cent. 

To Estimate the Amount of Fat ab- 
stracted, the percentage of fat present being 
known : 

H.g., sample contains 2.18 per cent. fat. 3.0 
— 2.18 =0.82 per cent. removed. 
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Or: 
218 see 
Bu2.ko =; 100 -a——-— = 72.7 per cent. of the original fat 
remains, and 100 — 72.7 = 27.3 per cent. has been abstracted. 


To Estimate the Quantity of Water added. (1) From non- 
fatty solids —This is dune by calculating the amount of “solids 
not fat” in the sample, as they are less variable in quantity than 
the fat in a genuine sample of milk. 

.g., sample contains 7.25 per cent. of total solids. 

G.555.7-25 22 100 °%= 327 85:3 per cent. of pure milk. 

100 — 85.3 =14.7 per cent. of water added. 


(2) From the ash (which also varies little in a genuine sample). 
#.g., ash after ignition of sample =o0.6 per cent. 

600 
Bea 2: 100. eS = 


100 -- 85.7 = 14.3 per cent. of water added. 


Butter. 


Moisture.—Should not exceed 16 per cent. 
KxampLe.—Weight of dried capsule = 21.53 grammes. 


. butter taken= 1.00 <p 


22.520 


Weight after evaporating, drying and cooling=22.417 _,, 


Orban we 
= 11.3 per cent. moisture. 


Soluble and Insoluble (Volatile and Fixed) Acids. 


Merrnuop.—The melted fat is saponified in methylated spirit 
with caustic potash, and the volatile acids, set free by dilute 


Jr ; 
sulphuric acid, are distilled over into —~ NaHO, and estimated by 


; etn, er. 
titration with a oxalic acid. 
The fixed acids, after the addition of sulphuric acid, are 
evaporated, dried and weighed (not distilled over). 
ExamPLe.—Volatile Acids. 


2.5 grammes butter-fat+5 grammes caustic potash+50 c.c. 
methylated spirit (Saponified). After evaporating off the spirit 
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the residue is dissolved in distilled water, mixed with dilute 
sulphuric acid and distilled. 


N 
150 C.C. distilled off into 20 c.c. on NaHO. 
Titrated with - oxalic acid (1 ¢.c. = 8.8 mgr. butyric acid). 
On trial 20 @.e. = NaHO= 118 c.c. = oxalic acid. 
Distill NaHO fa 
istillate + 20 c.¢, to A = 2.0 C0. TS yy 


N 
* 18-2=16 C.c. Ae oxalic acid not used up. 


16 x 8.8=140 mers. butyric acid in 2.5 (45 of 100) gms. butter. 

I40X 40=5600 mgrs. in I00 grammes butter = 5-6 per cent. 
of butyric acid. 

Fixed Acids: 5 grammes spathoeeah saponified similarly as 
above and treated with dilute sulphuric acid, evaporated, dried 
and weighed in capsule of known weight : 

Weight of capsule + fatty acids= 57.774 grammes. 

” ” alone = 53-154 ” 
Difference = 4.620 . fixed acids in 


5 grammes butter-fat. 
= 92.4 per cent. 
Specific Gravity of Butter-fat. 


(1) By a specific gravity bottle at 35° C. or at 100° F. 
(2) By Westphal’s balance (p. 24). 
(1) Weight of melted butter-fat at roo° F. 
Weight of distilled water at 100° F. 
Exampiz,— Weight of empty specific gravity bottle=11.85 
grammes. 
Weight of bottle + distilled water at Too" F. = 35.6 grammes. 


(water = 1000). 


ie » -+moelted fat at 100° F. = 33.415 ra 
ie melted fat at 100° F.=33.415 —11.85=21.565 
grammes, 
“€ distilled water at 100° F.=35.6—11.85 =23.75 
grammes. 
0 21.565 _ 
Specific gravity of fat at 100° F.= oe 0.908 
= 908 (water = 1000) 
Lowest specific gravity of pure butter-fat © =g10 
Highest i ,, foreign fat = 904 


Difference= 6 
= 100 per cent. of adulteration. 
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In the example, difference = gto — 908 = 2. 
6:2::100:% =33.3 per cent. cf adulteration with other fat. 
Estimation of Albumenoids in Meat, Cereals, &c. 


Kjeldahl’s Method.—Organic matter is powdered, and boiled 
with concentrated sulphuric acid till colourless. Potassium per- 
manganate is added to oxidise it into ammonium sulphate. On 
cooling, distilled water and caustic soda solution are added, and 


the ammonia is distilled into a hydrochloric or oxalic acid 


ae 
and titrated with “e alkaline solution, and the nitrogen deter- 
mined. 


EXAMPLE.—o.2 gramme oatmeal + 10 c.c. strong sulphuric acid 
digested till straw-coloured + K MnO, and boiled till colourless ; + 
250 c.c. Io per cent. NaHO solution+1oo cc, distilled water, 


N z : ; : 
150 c.c. distilled into 10 c.c. ro oxalic acid, and titrated with 
N 
= NaHO, 
ine) 
ba N N ae 
On titrating, 10.2 ¢.c. o- NaHO =1o. 6c am oxalic acid. 
N 
10 c.c. of = oxalic acid + distillate from flask = 6.7 c.c. a NaHO. 
N 
forge G5 F410 2 25 = 6.6. Cc; oF oxalic acid. 


N eee 
10 — 6.6 = 3.4 Ge. ae oxalic acid neutralised by NH, distilled 
over. 
N he 

Tec. 5 oxalic acid = 1.7 mgr. NH,. 

3-4X%1.7=5.8 ” 

14 
5.8 Xx oe 4.8 mgr. nitrogen. 


4.8 X 6.25 = 30 mer. albumen in 0.2 gm. of oatmeal. 
=15 mgr. in 0.1 gramme. 
=15 per cent. albumen. 


Alcohol. 


Absolute alcohol. Specific gravity at 60° F.=0.79. __ 
+16 per cent. water = rectified spirit. 
+ 42.95 per cent. water = proof _,, 


”? ?? 
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Proof-spirit is taken as the standard. Its specific gravity at 
60° F.=0.92. A spirit containing less alcohol than proof-spirit 
is “ underproof”; if containing more, “ overproof,” 


Proof-spirit = 57.05 per cent. absolute alcohol, volume in volume, 
in distilled water. 

= 49.25 per cent. absolute alcohol, weight in weight, 
in distilled water. 

= 42.46 per cent. absolute alcohol, weight in volume, 
in distilled water. 


_ To calculate the ratio of alcohol to proof-spirit as : 


99 


29 


(1) volume.in volum6.?:57:05': 129: 100: Ge = 1.954, 
(2) weight in weight= 49.25: 1::100:%. =2.03. 
(3) ~ VOLUMG = 42/46 <ul 21s OO sete 2.8 5. 


To calculate degrees “ over-” and “ under-proof ” : 

(1) A sample of whisky is 25° under-proof : 

1.753 :1::(100—25):a. =42.8 per cent. absolute alcohol, 
volume in volume. 


= 


FIG. 27. —Sike s Hydrometer. 


(2) Dee 15° over-proof : 
2,038 :(100+15): a =56.6 per cent. absolute alcohol 


as Seah im 1 weight. 

(3) A peek of gin 35° under-proof : 

230% : (100-35): a. =27.6 per cent. absolute alcohol 
as ea in 2 volume, 
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(4) A spirit contains 28 per cent. of alcohol, volume in volume : 

57-05:28::100:%. =49.08. 100— 49.08 = 50.92 under-proof. 

In Great Britain Sike’s Hydrometer (Fig. 27) is used in dis- 
tilleries and breweries. It is supplied with Tables giving the 
percentage of alcohol corresponding to the readings. The 
instrument floats at zero in strong spirit, specific gravity = 0.825, 
and the heaviest disc will make it float at zero in distilled water 
—giving a range of 500° between these. 

The amount of alcohol in beer is determined as follows : 

Mulder’s Method.—Determine the specific gravity of the 
beer at 15.5° C. or 60 F. Take 300 cc. and distil off 200 c.e. 

Make up the distillate to 300 with distilled water, and take 
the specific gravity of the mixture, referring to the Tables for the 
percentage of alcokol indicated by the reading. 

To verify this result: (1) make up the residue in the distilla- 
tion flask (100 ¢.c.) to 300 ¢.c. and take the specific gravity ; 
(2) subtract from this the specific gravity of the original beer ; 
finally subtract this result from tooo. This figure ought to 
correspond with the specific gravity of the distillate (200 c.c.) 
when made up to 300 cc. 

EXAMPLE.—Specific gravity of original sample of beer = “ rors.” 

300 ¢.c. are placed in a distillation-flask ; 200-¢.c. are distilled 
off and are made up to 300 cc. with distilled water. 

Specific gravity of distillate (made up to 300 ¢.c.) = “995.” 

By Tables the reading “‘ 995” = 3.35 per cent. alcohol. 

Specific gravity of residue in flask (100 c.c.) made up to 300 c.c. 
= 1020; 

VT020TOIS=5, T1000 =\5 =.905 
Acidity of Beer. Merruop.—1o c.c. are diluted with distilled 


N 
water and titrated with 9 NaHo. The result is expressed 
in terms of Jactic acid. = oxalic acid is used for testing the 
= NaHO. Phenol-phthalein is the “ indicator.” 


Lactic acid = C,H,O, = go. = =9 grammes per litre. 


t €.cy= 9 Ingr. 
EXAMPLE.—10 ¢.c. beer are treated as above. 


On titration = 2.1 ce. “ NaHO. 


On testing = NaHOn Si1os3 ‘cic, = 10'c.c: = oxalic acid. 
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N 
O23 85211 2 One 4 ee. Fo Oxalic acid. 
Ba 2.04 X 9 =18.36 mer. lactic acid in 10 c.c. beer. 
= 0.1836 per cent. lactic acid. 


The acidity of wine is expressed as tartaric acid. The method 
of calculation is similar. 


CHAPTER X. 
LOGARITHMS AND LOGARITHMIC TABLES. 


Tue logarithm * of a number is the “index” of the power to which 
a constant number, called the base, must be raised to equal the 
number of which the ‘‘index” is the logarithm. 

If a” =a, n is the logarithm of the number z to the base a. 

The logarithm of 64 to the base 4 is 3, because 43=64; the 
logarithm of 64 to the base 8 is 2: 8?=64. 

[t¢ is expressed thus: Log, «=n; Log, 64=3; Log, 64=2. 

The “base” is placed between the letters “ Log” or “ L.” and 
the number of which the logarithm is given. 

In the common system of Logarithms the base employed is ro, 
and the power to which ro is raised to produce any number is 
the logarithm of that number. As this base is in general use for 
all calculations, it is not written down, so that if no base is 
indicated it is understood to be 10. In the Napierian system the 
base is 12, indicated by e, but this method is not in use. 

Log 269 = 2.4297523, means therefore that the base ro raised 
to the power 2.4297523 is equal to 269. 

to being taken as the base, the logarithm of 10 (i.e. of the base 
itself) =1 as 10'=10, and log 10=1; therefore 10?=100, and 
log 1oo=2; and log 10*= 10,000, and log 10,000 = 4, &e. 

If, instead of multiplying 10 by itself, it is divided by itself : 


= =1, indicated thus: 10° =1; therefore log 1 =. 


IO I a 
a ONE = 1 Ore 
10 X 10. .FO 


log o.1= aaa 


Similarly : 


=0,0001=1074 log o.coo1= —4 
10,000 


The logarithm of 10 being 1, that of all numbers less than 1 
consists entirely of decimals, there being no whole number. 

The integral part of a logarithm (the whole number or 
numbers to the left of the decimal point) is known as the 


* The number corresponding to a given logarithm is termed its ‘‘anti- 
logarithm.” 
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CHARACTERISTIC, and the decimal part (figures to the right of the 
decimal point) as the MAntissa. 

Eig. log 4176=3.6207605; the Characteristic is 3 and the 
Mantissa .6207605. The latter usually contains seven figures. 

Numbers consisting of one whole number and any decimals 
have zero as a Characteristic. 

Eg. log 2.83 =0.4517864. 

log 1.386 =0.1417632 

The Characteristic in all cases is omitted from Logarithmic 
Tables and must be prefixed by the calculator himself, as can 
easily be done on inspection by the following Rules: 

1. Lf the logarithm to be found is that of a number containing 
ONE OR MORE INTEGERS: 

The Characteristic is one less than the number of integral 
figures in the number. 

Lig. log 864 = 2.9365137. 
log 86.4 = 1.9365137. 
log 8.64 =0.9365137. 

It is to be observed that so long as the figures in the number 
remain the same the Muntissa also remains the same; the Cha- 
racteristic alone changes, according to the position of the decimal 
point, z.e. as the number of integers. 

2. If the logarithm to be found is that of a number containing 
decimals only and no integers, the Characteristic is the same as 
the place to the right of the decimal point which the first signi- 
ficant figure (not a zero) of the number occupies. The Cha- 
racteristic is negative, and to distinguish it from a positive 
Characteristic has a negative sign or “ bar” placed above it—not 
in front. 

E.g. log 0.854 =1.9314579, 8 being the first significant figure 
after the decimal, 1 is the Characteristic with the negative 
“bar” over it. (It follows that a positive Characteristic indicates 
a whole number.) 

Log 0.0854 = 2.9314579, where 8 is in the second place—zero 
not counting as a significant digit. Similarly log 0.00023= 
4.3617278. 

The Characteristic of a logarithm may therefore be positive (+ ) 
or negative ( ~ ), but the Mantissa is never a negative quantity, it 
is always positive. (Vide p. 127.) 


Tables of Logarithms. 


In these only the Mantissa of the numbers (indicated in the 
first column on the left of each page under the heading “ No.”) is 
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given. As already explained, the Characteristic is prefixed on 
inspection. 

The descriptions here furnished are applicable to the Mathe- 
matical Tables published by Messrs. W. & R, Chambers, Ltd., 
which are in universal use ; but the methods are, of course, applic- 
able to all similarly-constructed Tables. 

In these the Mantissa of each Number is in a line with it, and 
vice versd. The first three or four figures following the decimal 
point are in numbers after 999 in the first column to the right 
of the number and are to be prefixed to all the groups of fae 
figures (under the columns headed “0,” “1,” “2,” “ 3,” “4.” . 
‘“‘g”), whether these groups are on ae same line with them | or 
on at lower level but above the next group of initial figures. 

The numbers 1 to 999 are each given separately. 

Thus: 


No. Log. No. Log. 
75% 8750399 «: Osage OT RAeaS 
752 8762178 996 9982593 


So that log 752 =2.8762178. 
log 0.951 =1.9781805. 
Exampie.—In the Tables we find : 


No. fe) I 2 3 SC, 
1067 | 028 1644 2051 2458 2865 &c. 
* * * * * 


69 9777 0183 0590 0996 &e. 
79 029 3838 4244 4649 5055 ke. 
That is, log 1067 = 3.0281644 
 LO67O=4. . 5, 
», 10671 = 4.0282051 
9) 10673 = 4.0282865 
», 1069 = 3.0289777 
but log 10691 = 4.0290183 
log 1070=3.0293838, and similarly the others. 


Note that the first three figures, e.g. “028,” are carried on for 
all the columns till another set of three, ¢.g. 029,” is met with, 
the exception being where there is a line drawn over the last four 
figures of the Mantissa, ¢.g. 0183, 0966, &c., as above. In these 
cases the three first figures of the next Mantissa (below) must be 
prefixed, it being a matter of convenience to denote the alteration 
in this way rather than to have a broken line of figures in the 
Tables, and also to economise space. 

After the number 99999, the first four figures of the Mantissa 
are supplied, but the method of working is the same. 
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Note the logarithm of 1, 10, 100, Tooo, &c., is represented by 
03; that is, thereis no Mantissa, but only a Characteristic, which, 
as already explained, is to be 0, 1, 2, 3, &c., and is put down on 
inspection, as before. 


To Find the Logarithm of a given Number.—1. For numbers 
containing less than four figures: the Mantissa is read off at 
once, and lies by the side of the number as already indicated. 


2. For numbers of jive figures: the Mantissa is found under 
““o”the first four decimals are a little to the left of the zero 
in the first column of figures, and the rest directly under the 
figureso .... 9 at the top of the page. 


E.g. log 90626 =.957 (traced upwards opposite “ 9058”), 
an 2528 (the next four decimals under “ 6”), 
entire Mantissa = .9572528 
», logarithm = 4.9572528 ¥ 
but log 0.00906 is found under “ 906,” and is equal to 3.9571282. 


For numbers of six figures. 'The Mantissa is found for the first 
five figures of the number in the same way as before. To obtain 
the sixth figure subtract the Mantissa of the first five figures from 
that of the next higher number (i.e. from the next higher 
Mantissa). The difference will coincide with the figures at the 
top of the adjacent “column of proportional parts” under the 
heading “ Diff” (at the extreme right of every page). Find in 
this column (numbered 1 to g) the sixth figure of the given 
number, and opposite to it will be found the figures which must 
be added to the last digits of the Mantissa first found (the 
Mantissa of lower value). 


ExampiLe.—To find log 268354. 

The logarithm of the first five figures of this number is easily 
found in the usual way opposite to the figures 2683, and under 5, 
and as the sixth figure 4 cannot be read off, the Mantissa corre- 
sponding to the first five figures must be subtracted from the 
Mantissa of 26836—~i.e., the first figures to the right of the last 


log 26836 = 4.42877178 
log 26835 = 4.4287016 
Difference = 162 
This difference corresponds to the figure ‘‘162” at the top of 


the column under “ Diff.” Opposite “4” in this column, which is 
the required sixth figure of the given number, is found “ 65,” 
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which must be added to the last digits of the lower Mantissa first 
found, thus: log 26835 =4.4287016 

65 
»» 208354 =5.4287081 which is the required log. 
(Nore.—The sixth figure of the numbers from 1ooo01 to 10800 
inclusive can be ascertained directly from the Tables.) 


To Find the Logarithm of a Number containing Seven 
Figures. 

ExampLe.—Find log 5067958. 

log 50680 = 4.7048366 

log 50679 = 4.7048280 

Difference = 86 coinciding with 86 in the “ Diff.” column. 

Opposite “5” in this column (which is the sixth figure in the 


given Number) is “43,” and opposite 8 (the seventh figure of 
the Number) is ‘‘ 69.” 


Therefore: log 50679 =4.7048280 (the lower Mantissa) 
43 


log 506795 =5-7048323 
69 


log 5067958 = 6.70483299 


Note 69 is placed, for the seventh figure, one decimal place 
farther to the right. 69 may be taken as 7.0, and adding 7 to the 
last figure, 3, of the Mantissa we have log 5067958 = 6.7048330. 


EXxAmpPLe.—Find log 317.1626 
log 317.17 =2.5012921 
log 317.16 = 2.5012784 


Difference = 137 
Diff. 
137 
Zaina? 
6 82 
log 317.16 =2.5012784 
| 27 
log 317.162 =2.5012811 
82 


log 317.1626 = 2.5012819¢ 
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To Find the Logarithm of a Number of Hight Figures. 
ExampLe.—Find log 23453487 
log 23454 = 4.3702169 
log 23453 =4.3701984 
Difference = 185 


7 130 
log 23453 = 4.3701984 
4 74 
8 148 
7 130 
log 23453487 = 7.370207410 


To Work with negative Characteristics (denoting that the 
numbers of which they are the logarithms are decimals) the 
ordinary Algebraical methods of addition and subtraction are used, 
as in all logarithmic calculations. 


EXAMPLES.— 
Addition : 5:2657845 3.0624316 2.3461573 
2.4983106 7.2713769 1.8692317 
37640951 4-3338085 0.2153890 
(1 carried over to 1 
=2+2=0) 
Subtraction : 


[The sign of the negative Characteristic which is to be subtracted 
is changed to + and the two Characteristics are added as in 
Algebra; the Mantissa is subtracted in the ordinary way, being 
positive. 

E£.g., 34+ 2b —-(a—b)=3a+ 2b-—a+b (the two negatives before 
6 changing to+) = 2a+4 30. ) 


EXAMPLES.— : 
Subtraction. 4.6290016 50986437 4.5641925 
(minus 5=5) 5-3751147 74352071 6.6580496 


9.2538869 1.6634366 11.9061429 
(1 carried over is subtracted 
“5 —-1=6,and7+6=1.) 
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Multiplication. 2.7460423 
5 
7.7302115 (2 xX 5 =10 + 3 carried over = 7). 

Division. As the Mantissa must remain positive, the Character- 
istic must be completely divisible by the divisor, and nothing is 
to be carried into the Mantissa. If the Characteristic is divisible 
as it stands, the quotient is written down in the usual way with 
the negative bar; if it is not divisible, a negative number is to be 
added to it to make it so, and to the Mantissa is prefixed a 
positive integer of equal value, so that the —and+correct each 
other and leave the value of the logarithm unaffected, and the 
division is carried out as usual. 

ExamPLe.—log 8.16265 40 -+ 4 = 2.0406635 

9 +7=(84+6)+6.1626540+7 
= log 2.8803791. 

To Find the Number from the given Logarithm.—The 
method is the reverse of the one for finding the logarithm of a 
number. Look up the Mantissa under the appropriate columns 
in the Tables—i.e., under the cyphers o to g (at the top of the 
page). If the decimal part is found exactly, the corresponding 
number is to be read off in the first column (under No.) and the 
decimal point placed as indicated by the Characteristic of the 
given logarithm. These integers will be numerically one more 
than the Characteristic. 

fig., **.7291648” found under ‘“o” corresponds with the 
figures 5360 (under No.), but the position of the decimal point 
and the value of the figures of the number can only be ascer- 
tained from the Characteristic of the logarithm. 


*, 0.7291648 = 5.360 (5.36) 
1.7291648 = 53.6 
5:7291648 = 536000. 

If the given Mantissa is not found in the Tables, take out the 
next lower Mantissa and subtract it from the Mantissa of the 
given logarithm. The difference will be found exactly or 
approximately in the right-hand column of figures of the Table of 
Proportional Parts (under “ Diff.”), and the figure opposite to it 
is the sixth figure of the required number. 

“Tf the difference is not exactly found among the proportional 
parts, take the next lower part, and the figure opposite to it is the 
sixth figure of the number. 

“ Subtract this part from the given difference, annex a cypher to 
the remainder, consider it as a new proportional part, and find 


” 
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the corresponding figure as before. It will be the seventh figure 
of the number.” 


ExampLe.—To find the number corresponding to the given 
logarithm 5.9173597. 

"The given Mantissa is not exactly stated in the Tables, therefore 
taking the neat lower and subtracting : 


5:9173597 
5-9173584 corresponding to the number eee 
Di = 43 ae i =) * o2 (6th figure) 
POO ase 006 (7th figure) 
30 (cypher annexed, the near- 8267226,whichisthe 
est in the Table of Propor- required number. 


tional Parts = 31) 


Logarithms are valueless for the Addition and Subtraction of 
numbers. They are serviceable only for performing multiplica- 
tion, division, raising to any power, and for extracting any root. 
The results in most cases are a close approximation, and not 
absolutely correct unless the numbers are represented by a 
perfect value in the logarithm. 

In all cases the logarithm of the number must be known. 


Multiplication of numbers = addition of their logarithms. 
Division i = subtraction ,, es 


Raising to any power = multiplication of the logarithm of the 
number by the figure denoting the power to which it is to be 


raised. 
Extraction of any root =division of the logarithm of the given 
number by the figure denoting the desired root, 


Thus: X x Y=log X +log Y = addition of logarithms. 
x 
vo log X — log Y =subtraction - 
X” =n times log X = multiplication of the logarithm. 
log X 
yx== 

Processes are thus shortened considerably by the aid of Tables : 
the logarithms of the numbers are easily found, and vice versd 

the logarithms being known, the numbers are ascertained. 


It is to be noted that logarithms themselves are not multiplied 
or divided by each other. 


= division 2 - 
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Exampues.— Multiplication of numbers 102718 x 91627. 


log 102718 = 5.01164655 
log 91627 =4.96202350 


9-97 367009 : 
The Characteristic shows there are ro integers in the number. 
As the above Mantissa is not fouud in the Tables, the next lower 
is taken out and subtracted from it. 


9.9736700 
9.9736681 =log of 9411700000. 
Diff. 19 
6 
P 4 8 18 “. 6th figure = 4. 
SE pe ime) PAM SES poe ea LPR 


. 9411742000 = Antilogarithm. 
Division of Numbers. — 
67564 
83619 
', 4.8297154 
4.9223050 


=log 67564 — log 83619. 


1.9074104 =log 0.808, which is the required decimal. 
Raising to a Power (Involution). 
To find the value of (12.6)° 
=6 x lof 12,6 
Ai 18002705 = 0.00222 30 
which is the logarithm of the number 4001500. 
Extraction of the Root (Evolution). 
To find the value of 4/58726 
| pave 20788 So IRONS 1888309. Gri gaa076 
tO A IOoX4 
corresponding to the number 1.3159. 


CHAPTER XI. 
POPULATION. 


Estimation of Population by Logarithms.—The increase is in 
Geometrical Progression. 
Let P= Population in any given year. 
7 =factor of annual increase. 
P xr =increase in one year. 
ble Wate ey ,, two years. 
Pxr= ” 99 20 ” 


The rate of increase or decrease is calculated from the data of 
the two previous Censuses. 

The assumption is that either has continued at the same rate 
since the Jast Census as between the last and the previous Census. 


Registrar-General’s Method of Estimating a Population. 


Log Census Population +log Quarterly increase + 1 times log. 
Annual increase=log Population at the middle of the n” year 
since the last Census (i.e., the »” post-censal year). 


Formuta.—By Geometrical Progression : 
If y= population by the last Census. 


v= 5 » 9) ~previous ,, (io years before). 
Rate of Decennial increase = 2 =log y —log «a. 
107 Ant a 
» Annual Ned LY Eee ee 
] = 

» Quarterly ,, =tof fee Mes 

_ log y—log x 

DMA | oat OF 


The Census population for the middle of the Census-year is, 


therefore, the actual population on March 31 of that year plus 


or minus the hypothetical increase or decrease calculated (wit 
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oe 


inclusive. It is not the real mid-year population, but only an 
approximate one. 


logarithms) by Geometrical Progression from April 1 to June 30 


Increasing Population. 


EXAMPLE.—1881. Population = 462303. 


1891. + = 505368. 
Estimate the Population in 1898 (mid-year). 
log 462310 = 5.6649333 | Je 
log 462300 = 5.6649239) J 94 
a 28 et 
log 462303 = 5.6649267 =log Population 1881. 
log 505370=5.7036095 )\ Dif. 
log 505360 = 5.7036009\f  —_, ® 
8 69) c 
log 505368 = 5.7036078 = log Population 1891. 
50040207 —. <, 4 1881. . 
Difference = 0.0386811= ,, Decennial increase. 
zo = 0-0038681= ,, Annual 4 
+=0,0009670= ,, Quarterly - ,, 
log 0.0038681 x 7 =0.0270767= ,, 1892-8 3 
5-7036078= ,, Population 1891. 
0.0009670= ,, Quarterly increase. 
5.7316515 = ,, Population 1898. 
539070 = §-7316452 
5 6 Diff, 
539977 . i ene 
$39077-7 60 


or 539078 = population for 1898. 
ExamrpLe.— Population 1891 = 531247 
%9 1901 = 985476 
To find the mid-year Population for 1907. 


log 531250 = 5.7252989 ! ses 
log 531240 = 5.7252908) ae 
7 57) 


log 531247 =5.7252965 =log Population 1891. 
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log 985480 = 5.9936478 ) Diff. 
log 985470 = 3993035 ) ae hy 
: e 


log 985476 = 5.99360460= log Population 19go1. 
5-7252965= » » 1891. 
Difference 0.2683495= ,, Decennial increase. 
EES .0268349= ,, Annual 55 
4=0.0067087= ,, Quarterly ,, 
log 0.0268349 x 6=0.1610094= ,, 1902-7 


5-9936460= ,, Population 1891. 
0.0067087= ,, Quarterly increase. 
6.1613641 = ,, Population 1907. 

1449900 <=» 6,1613350 

8 261 Sane 
240 
sir aia! ie I 30 
Poot { Population 21 


(for 1907. 
Decreasing Population. 


ExAMPLE.—A population of 552508 in 1891 was fourd to have 
decreased in 1901 to 517980. 


To calculate the population in 1906 on the hypothesis that it 
will decrease at the same rate : 


log 552510 = 5.7423401 Diff. 
log 552500 = §.7423323 ay 
8 62 
log 552508=5.7423385 =log Population 1891. 
log 517980 = 5.7143130 = ,, 9 1gol. 
Difference 0.0280255 = ,, Decennial decrease. 
ge 0028025 = ,, Annual e 


4 =0.0007006 » Quarterly oe: 
=0.0147131 log Total decrease — 
to middle of 1906. 
log 0.0028025 x § =0.0140125/ =log Decrease from 1901-6. 
; 5:7143130 
Subtracting: 0.0147131 
5-6995999 = log Population for 1906. 
5:6995949 = +, 500720 
5° 5 5 44 
44 apat 7 61 
60 500725.7 
or 500726= Population fc for 1906. 


D) 
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Estimation of a Population by Arithmetical Progression. 
EXAMPLE.—19o01. Population = 50742 
1891. 9 = 47256 

To estimate the Popul. in 1908: 


3486 = Decennial increase. 
= 348.6 =Annual 
+= 87.15 = Quarterly 

348.6 x 7 = 2440.20 = 1902-08 . 
1901 Population + Quarterly Increase + 7 times Annual . Increase 
= 53269.35 = Mid-year Population for 1908. 
Working the above by Geometrical Progression and by Log- 
arithms : 


log 50742 =4.7053676 log Population of r1gor. 


log 47256=4.6744570 _,, . 5 LOOT 
0.0309106= ,, Decennial increase. 
zp =0.0030910= ,, Annual a 
4=0.0007727= ,, Quarterly _,, 
log Annual Increase x 7 =0.0216370= ,, 1902-8 _ 
4.7053076= ,, Population of 1gor. 
Adding the last three : rok oy br a ener »» 1908. 
‘Corresponding Number = 53429.00 = Population of 1908 
5 3269.35 9, as above by A.P. 


Disparity = 159.65 


(This is a small difference, because the increase is a slow one in 
a comparatively small Population. In such a case A.P. is 
applicable with fairly accurate results. It is inadmissible for a 
large Population.) 


Estimation of Population from the Birth-rate (per 1000 
living).—The method suggested by Dr. Newsholme is useful for 
checking the estimate of a “present” population. Jt ts assumed 
that the birth-rate remains for some years the same as it was 
when the last Census was taken. 


Exampir.— Birth-rate (per 1ooo living) 1892-1901 inclusive 


4052 Births during 1902 = 4678 
(?) 30.2 +4678 ; ; 1000 : = 154900. 
Mean Annual Population 
Weekl a0 ae 
eekly populati ae 
: Mean Annual Population 
Daily = 
365.24 


f\ - 

2, , 1 Hm ¢ a r Ra f on Hah anl D ae 

>, 2D°L. ennereal IDS) Cw my , ow OM dar Wel 4678 KWo 5 
UV 


| 
V 
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Marriage-rate.—It is calculated by Simple Proportion on the 
actual population, and is expressed per 1000 living at all ages. 
Hig. Population in 1899 = 18426. 
Marmages~ 4° 3, = esa 
18426 : 1000: : 284 : #=15.4 per 1000 living, 
Birth-rate.*—GENERAL ForMvta : 
Mean Annual Population: 1000 : : Annual Births : 2. 


CRUDE BIRTH-RATE : per 1000 of estimated (mid year) population 
at all ages. 


Annual Birth-rate : Mid-year population = 29542. 
Births registered during the year = 865. 
29542 : 1000 : : 865 : e=29.2 per 1000 living, - 
Quarterly Birth-rate: Taking the same population. 
Births registered during quarter in 
question = 186. 
(1) 29542: 5 1000-34 150124 = 624 
and (2) 6.3 x 4= 25.2 per 1000 = Quarterly Birth-rate. 
[Norr.—The result denotes what the Quarterly rate would be 
per annum if it went on at the same rate for one whole year per 
1000 living.] 
Weekly Birth-rate : #.g. Population = 28530. 
Births during week in question = 19. 
Weeks in the year = 52.177. 
(1) 28530 : 1000 : : 19 : =0.67. 
(2) 0.67 x 52.177 = 34.96 per 1000 living. 
The Birth-rate is preferably. calculated on the female population 
at the child-bearing age, per 1000 married and per 1000 unmarried. 
- Death-rates.—The crude (general or gross) death-rate is that 
of the mid-year population (at all ages) per rooo living. 
E.g. Population=18500. Deaths during the year = 206. 
Annual Death-rate : 18500 : 1000 : 206 : x=I11.1 per 1000. 
For the same population, deaths during a particular week = 7. 
Annual Death-rate for that week : 
(1) 18500 : 1000 3 5:7 7a 0.38. 
(2) 0,38'%.52.177= 19.0 per 1000: 
A Weekly Death-rate estimates the number who would die per 
annum per 1000 living if the death-rate cf that week continued 


at the same rate throughout one year. A Quarterly Death-rate 
is estimated in a similar way. 


* Birth-rate, Death-rate at all ages, and the Net Death-rate (columns 4, 
8, and 13 of the M.O.H.’s Vital Statistics Tables) are calculated per 1000 
of estimated population. — 
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‘¢ Corrected Death-rate ’’ of the Registrar-General. 

The correction is made by multiplying the local Recorded Death- 
rate of the Town (or crude death-rate) by the factor supplied to 
it annually by the Registrar-General. It neutralises errors in 
death-rates caused hy the disparity of age- and sex-distribution, 
and raises or lowers the local crude death-rate to what it would 


be if the age- and sex-distribution of the town were the same as 


for England and Wales generally. The same method is carried 
out throughout Great Britain. 

a obtain the Registrar-General’s ‘ Factor.’’ 

. A local standard death-rate is calculated for each town. 

The local distribution of ages and sexes is obtained from the last 
Census. To this local population is applied the annual Death- 
rate of England and Wales for the previous ro years (i.e., as if the 
people had died at the same annual rate as for England and 
Wales during the last a interval, and not at the local death- 
rate 

ie The annual recorded death-rate (at all ages) for England 
and Wales for the previous Decennium divided by this local 
standard death-rate gives the “factor ” for that town :— 


Recorded Death-rate of England and Wa'es 
Registrar-General’s | _ during previous Decennium 
factor for the year| — Standard Death-rate of the 
town for the year 
Thus: Annual Death-rate for England and Wales from 1891-90 


-, (inclusive) = 19.15 per 1000: 


Standard Death-rate | _ 9.15 0 
of London (1899) J — 17.97 .*. oa 1.0656 Factor for 1899. 
Standard Death-rate | _ PORES 
of Liverpool (+899)J — SUS eae 17.44 1.0980 __,, ”» 
Standard Death-rate | _ SEO. AS 
of Plymouth (1899) 19.7. 19.7 = 0.9720 ” ” ” 


3. The “‘ recorded death-rate for the town ” (i.¢., the crude death- 
rate) x the “factor ” = “‘ currected death-rate.” : 
Taking the pbovenaited cities : 
Recorded (crude) Death-rate of London (1899) 
= 19.78 x 1.0656 = 21.077 = ‘Corrected Death-rate.” 


- Death-rate of Liverpool (1899) 

= 26.38 x 1.098 = 28.965 =“ Corrected + a 
Be Death-rate of Plymouth (1899) 

aioe * 0:972 21.181 = Corrected - rc 


Correction for Non-residents. cay 
Deaths of Residents of the District dying in Public Institutions 
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are added to the Returns, (+), and those of Non-residents are 
subtracted (—). In private cases this is not done, as it is 
impracticable. 

4. The Comparative Mortality Figure. 

Recorded Death-rate of England and Wales for the year in 
question : 1000 : : corrected local death-rate : a. 


Corrected local death-rate _ Comparative Mor- 
' Death-rate for the whole country oes tality Figure. 


Taking the same cities as before : 
' Recorded Death-rate of England and Wales during 1899 = 18.33. 
Corrected Death-rates as already calculated : 


London: 18.33: 1000: : 21.077 : «=1150. O.M. Figure, 1899. 
Liverpool : ste ts bs ys Pee 005 sae TE SO; * 9 
Plymouth: ois, ue oe ae ea a ie 


Infantile Mortality is estimated on the annual number of 
registered deaths of children under one year of age per 1000 
registered births during the same year : not on the total population, 
nor on the total number of deaths at all ages. (Still-born births 
are not registered.) 


FormuLa.—Births during the year : 1000: : Deaths of children 
under 1 year : «. 
ig. Births registered ee the year = 2372. 
Deaths 4 529) Under 1 year of age = 284. 
2372 S/TOOOM 2 OA re: 119 deaths per tooo births = infant 
mortality for the year in question. 


Zymotic Death-rate.—It may be for the entire group of 
infectious diseases or for each one in particular, and states the 
proportion of notified cases per 1000 of population. 

E.g. Population= 21685. Deaths from diphtheria = 12. 

21685 $1000 5s 124 0. (= 0.55 per loco living: 


Proportion of Deaths from Special Diseases to Total 
Deaths from all Causes. 

Total deaths = 6018. 

Deaths from Principal Zymotic diseases = 411. 

4 » small-pox = 72. 
6018 : 1000:: 411: @. 68.3 per 1000 deaths (Zymotic). 
” 9 2 + 724M. ITTQ 49 55 »,  (Small-pox). 

Incidence of Disease.—-Proportion of cases per 1000 of 
population. 

fi.g. Population= 765720. Scarlet fever cases = 2408. 

765720 :1000:: 2408 : a= 3.14 per 1000 ( = Zymotic case-rate). 
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Case-Mortality.—Proportion of deaths per roo, or per 1000, 
cases. 

Eig. Of 2408 cases of scarlet fever 32 were fatal. 

2408 :100::32:a. Case-mortality =1.3 per cent. 


Population. Number of cases. Incidence of Disease. 
1898. 52630 241 = 4.6 per 1000 of estimated population. 
1899. 54748 258 Ahi a 32 %9 %9 
Tgoo. 58676 234 = 3:9 » ” ” ” 
1gol. 64526 297 = 4.6 oF) ” ” ” 
1902. 67325 340 =5:0 5, ” ” ” 
297905 137° 
| 7 S35] 97 
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Fig. 28. 


Dividing by 5: 59581 =average pop. per ann. for 5 yrs. (by A.P.) 
a7 Aas Gy, 9 N10. OF CASES; + 
Average incidence = 4.6 per 1000 of average pop. ,; 


During 1898 and 1901 the Incidence of Disease coincided with 
the average, although in 1901 there were 56 more cases than in 
1898 ; these were counterbalanced by an increase of population. 

In 1899 and 1902 it was in excess of the mean : in the first 
instance by 4.7—4.6=0.1 per 1000, or o.o1 per cent. ; and in the 
second by 5.0—4.6 =0.4 per £000, or 0.04 per cent. 

In 1900 there were only 7 fewer cases than in 1898, and the 
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proportion of attacks was 4.6—3.9 or 0.07 per cent. below the 
average, 

Combined Death-rates.—If the populations are numerically 
equal, the respective rates of mortality per tooo are added 
together and divided by the number of towns in question. 

Three towns each containing 25000 inhabitants have death-rates 
of 22, 35, and 31.5 per 1000 respectively. 


Mean or Combined Death-rate = 2 Aas laa aS 29.5 per 1000. 


If the populations are different their proportion to each other 
must be estimated : 


Population 19000 at 22 deaths per 1c0oo = 418 deaths. 


” 22000 5, 35 ” I ae ee ” 
” 28000 ,, 31-5 55 ” 3 = 882 ” 
GQ0007S 51000 ahs ie: 207002 he 


Combined Death-rate = 30.0 per 1000. 

Density of Population is important in connexion with the 
Death-rate of the same area, which it influences. 

(1) Unit of area=1 square mile. 

Total number of square miles : 1 : : total population : x. 

Population 

Square miles 
25000 


Mean population per sq. mile = 


Pop. = 25000. Area=94 sq.m. Density = = 266 persons 


per sq. m. 


(2) Unit of area=1 acre. 
Population : 1 : : total number of acres : . 
Total acres 
Population 
Taking the above example: 94 sq. ms. = 94 x 640 = 60160 acres. 


Mean area per person = 


6016 
Density = oe 


=2.4 acres per person. 
soot per p 


CHAPTER XII. 
LIFE-TABLES. 


Data required : 1. Census Returns to ascertain (a) the mean 
population, (6) numbers living at each age-period. 

2. Death-returns showing : the mean annual number of deaths 
for the corresponding age-periods. 


A. Mortality per wnit for each year or each age-period 
_ Deaths (per annum or per age-period) 
~ Mean population (during same period) 
(In a Life-Table = “ Annual Mortality” per unit atage x “ D,” 
or OM 2",) 
B. Mortality per 1000 living for each year or each period : 
Mean Popul. at age-period : 1000 : : Deaths (at same period) : =. 
_ Deaths (per annum or per age-period) 
Mean population (during same period) 


Let this= D. Assuming D to be equally distributed through- 


ITO0O 


out the year or age-period : Rate during rst half-period = = 


D 


” ” 2nd ” ” ie 


*, 1000 living (survivors) in the middle of the year or age-period 


numbered 1000 + = beginning ,, rst half *. Ne - 


Deis. 
and 1000 — = ending , 2nd _.,, 
. the “ Ratio of final to initial population ” 
| oo-— 2000-—D 
Survivors at the end oe get 


~ Survivors at the beginning 3, Po oa p 
2 


(In Life-Tables this calculation gives the “ Probability of Living 
one year from each age” denoted by the sign ‘ p,’.) 
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ExsmpLte.—During rst year infant mortality (per 1000 births) 

= £30, 
1000 : I million : : 130 : = 130,000 deaths. 

‘, r million children after 1 year (at beginning of next year) 

=1 million — 130,000 = 870,000 survivors at end of rst year. 

During 2nd year infant mortality = 100 (per 1000 births). 

(=D of the Formula) 
*, By Formula : the probability of each survivor living through 
2000-100 1900 


One YR 18 5000 +100 2100", 005) 
, 870,000 x2 = 787350 survivors at the end of the 2nd 
year. 


(In Life-Tables found under the heading ‘‘ Number born and 
living at each age,” and denoted by /,.) 
Infant mortality = 50 per 1000 during 3rd year : 
2000-50 1950, _ 
2000+50 2050 VUE 


2 7Ora5o x ee = 748943 survivors at the end of the 3rd year. 


2050 
Similarly till none survive. 
If instead of annual periods 5-year ones are taken (quin- 
quennia) the method of working is similar, but the Formula is 
raised to the 5th power. 


Let P,=survivors at commencement of quinquennium. 


99 P= or) ” end ” ” 
P=_pP 2000 — D)\> 

= x | 

ee eee 


Exampie.—Of the above survivors, supposing 675,000 were 
living at the end of the 5th year: 
And Death-rate for the 5-10 quinquennium = 6 per tooo. 
2000 — 6 


2000+ 6 


_ _f2000—6\__ 71994)" 
” Die mene 2000+ 6 2006 


=5 x (log 1994 — log 2006) 
= 5 X (3-2997252 — 3.3023309) 
=5 X 1.9973943 = 1.9869715 = 9.9704 
675000 x 0.9704 = 655020 survivors. 
The calculation is similarly repeated for each Seder 
until there are no survivors. 


Formula for one year = 
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: ; _ [2000 - D\" 
For a decennial age- period the death-rate per 1000 is 


2000+ D 
Similarly : P, =P, x ‘2000 — D\" (substituting decennium for 
2000 + D quinquennium) 


Expectation of Life.—The average number of years a person 
of a given age is likely to live as calculated in a Life-Table. 


Qe’ 
1, 


‘“‘Q,=Sum of years of life lived at age x and upwards 
1. = Number of survivors at each age.” 


Or: 


Expressed symbolically as “ EK, = 


Expectation of Life at Agexz 


Sum of total survivors after age x x hs 
Survivors at age x 3: 


(2.5 = Half-quinquennium). 


ExampLe.—I'o Calculate the Expectation of Life for 
Males at 40 Years of Age. 


At Age Male Survivors 
40 604923" 
45 564437 
50 517639 
55 462981 
60 398400 
65 322482 
70 238632 a 18 
75 153890 oe 5 
80 50023 | 
go 6786 
ame 752 
100 30 
fee + 2.5 = 22.94 +.2.5= 25.44 years. 


* Tatham’s English Life-Tables (1881-90). 
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For a Female-life at the same age: 


At Age Female Survivors 
40 638912 
45 604007 
50 564299 
55 516375 
60 457682 
65 385503 
70 299220 
75 204208 Se 
80 NTAS IOI ec as 
35 48133 
go 13418 
oS 2124 
Too 157 
16048160 
638q12 * 2.5 = 25.11 +2.5 =27.61 years. 


In the above Examples 22.94 and 25.11 are known as the 
‘‘Curtate Expectation of Life ;” and 2.5 as the ‘ Duration of Life 
in the Quinquennium of Death”. (=half a quinquennium or 24 
years). 'These added together give the ‘Complete Expectation 
of Life,” as stated in Life-Tables under the heading “ Mean after 
Lifetime at each age x=E,.” In Tables giving Annual, and not 
Quinquennial age-periods, the number of survivors is added as 
above (the result is no¢ multiplied by 5) to obtain the Curtate 
Expectation, and 0.5 is added (in place of 2:5) to get the Complete 
Expectation of Life. 

‘Mean Duration of Life” =The Expectation of Life at Birth, 
or at ‘‘ Age zero.” 

By Farr’s Formula, the expectation of life at birth per 1000 
living: 

I 1000 2 1000 

3 * Birth-rate * 8 * Death-rate 
ExampLe.—Birth-rate per 1000 living = 30.5 
Death- ,, ikerd ty em ok Ras 


1000 na 2000 1000 2000 ee 
2 — SS = LO. ° 
2X 30/5 “3% I ors 51.9 fae 


= 49.46 years. 
‘““Mean after lifetime” : the expectation of life at any later 
age than at birth. 


By Willich’s Formula: the expectation of life at any age 


between 25 and 75 years =; (80 - Age | 
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ExampLe.—Expectation of life at 45 =; (80 ~ 45) 
= 23.3 years. 
‘Probable Duration of Life” : the age at which half a given 


number of children (born hypothetically at the same time) will 
have died. 


Sum of the Ages at Death 
6s Ws ees 

Mean Age at Death” : We Gan of Deatha 
Poisson’s Formula for estimating the liability to error. 
st series of observations = m)| m+n = =Total number of 


Cas Ber ae 2 = 1 observations. 


Probability of m series being constant = 


7 99 1 ” ” ” = 


: or n 2mn 
True proportion of m to p lies between : it 2 Gh 3 


i.e., within a possible range of 4n/ stele 


si 
x 3 
pe 


Similarly for the m series the true proportion of 7 to y lies 


between — + os eo 
Ie ye 


EXAMPLE.—Of 500 cases, 425 recovered and 75 died. 


Probability of recovery = =aoR 85 per cent. 


” ) death ~ 500 B TES. Ass ” 
32 X 425 xX 85 
{soo)' | | nee 
ZO PT 7 /38.08 
100 XI00XI00 . + 1000 


Possible sange of error = 


9.62 
See ys 62 per cent. 


‘62 
‘. Probability of recovery varies between 85 + 2s 


or ,, 8g.81 and 80.19 per cent, 
9.62 
” ,», death 95 eS eee 


oy < 19.3 ef TOige ye 


APPENDIX 


Humidity (p. 32). 
ExampLe.—Relative humidity at 60° F.=70 per cent. 
By Tables: 60° F.=5.8 grains per cubic ft. of aqueous vapour. 
Absolute humidity : 100: 70 :: 5.8 : «=4.06 grains per cb. ft. 
Drying-power : 5:8 — 4.06=1.74 


? 2? 99 


Case-Mortality (p. 137). 


Exampie.—A Hospital contains 500 beds, # of which are con- 
stantly occupied. 


Average period in Hospital per patient = 3 weeks. 
»» number of deaths per annum=142. 


Supposing the cases to be uniformly distributed over the whole- 
period, what is : 


(a) the death-rate per bed, 
(OV fe 5» 100 cases admitted ? 
Beds constantly occupied = } of 500 = 375. 


Death-rate per bed ,, = are 05283 
As each case remains 3 weeks, in one year there are : 
52 


can 17.3 patients per bed. 


375 X 17.3 = 6487 cases admitted, of which 142 die. — 
1. 6487 : 100::: 142: #=2.2 deaths per cent. of admissions. 


INDEX 


ABSORPTION of Gases, 16 

Adam’s process, III 

Air: Velocity of Inflow and Outflow, 51, 60; Percentage Composition 
(of Pure and Expired), 51; Supply of fresh, 53; for Horses and 
Cattle, 57 ; CO, in, 71-75 

Alcohol: 117; Proof-, Over- and Under-proof Spirit, 118 ; Mulder’s 
method, 119 ; 

Ammonia: Free and Albuminoid, 88-91 

Anemometers : Robinson’s, 49; Casella’s, 65 

Apjohn’s Formula, 35, 36 

Avogadro’s law, 4, 5 


BAROMETERS : 37; Corrections for, 38-43 

Baroscope, 37 

Beer: Acidity of, 119 

Birth-rates, 134 

Blackwell’s Formula, 80 

Boyle’s and Mariotte’s law, 10 

Butter: Moisture; Volatile and Fixed Acids, 115 ; Specific Gravity 
of Fat in, 116 


CALORIES, 76 

Case-Mortality, 137 

Charles’ and Gay-Lussac’s law, 7 

Chlorine, 85, 86 

Coefficient of : Absorption, 16 ;, Expansion, 8 ; Solubility of Gases, 17 

Combined Death-rates, 138 

Comparative Mortality Figure, 136 

Correction of Volume for : Pressure, 10 ; Temperature 7 ; Temperature 
and Pressure, Io 

Curtate Expectation of Life, 142 


DALTON’S and Henry’s law, 16 
Death-rates, 134, 135 


146 INDEX 


Density : Absolute and Relative, 3; under Pressure, 11 ; of Population, 
138 F ; 

Dew-point, 39; 325 33, 34 

Diets: 105. Calculations of, 106, 107 

Division by Logarithms, 129 

Dulong’s and Petit’s law, 76 


EFFLUX of Liquids, 82, 83 

Energy: 107, 108 ; de Chaumont’s Formule, 108; in Calories, 109 ; in 
Foot-tons, 109, 110 

Equilibrium of Balance, 1 

Evolution by Logarithms, 129 

Expectation of Life, 141 

Eytelwein’s Formula, 99 


FARR’S Formula, 142 
Foods : Composition and Value of, 105-109 ; Examination of, 111-120 


GLAISHER’S Formula, 34 ; Factors, 35 
Gramme-Molecule, 5 


HARDNESS, 86-88 

Hare’s apparatus, 22 

Hawksley’s Formula, 77, 79 

Heat: Latent, 77; Specific, 76; Unit of, 76 
Height by Barometer, 44 

Hoppe-Seyler’s process, 112 

Humidity : Absolute, 30; Relative, 31 
Hydraulic: Mean Depth, 99; Press, 84; Ram, $1 
Hydrogen: Weight of, 4, 5; Equivalent, 17 
Hydrometers : 20, 24, 25 

Hygrometers : 31-33 


INCIDENCE of Disease, 136 

Infantile Mortality, 136 

Inlets and Outlets: de Chaumont’s Formula, 59; Size and Shape 
of, 61 

Involution by Logarithms, 129 _ 

JAMES’ Formula, 50 


KJELDAHL’S process, 117 


LAWFORD’S Formule, 102 


INDEX 147 


Life Tables, 139 
Logarithmic Tables, 122 
Logarithms, 121-129 


MAGNESIA (in water), 88 

Maguire’s Formula, 99 

Marriage-rate, 134 

Mass, 3 

Mean Duration of Life, 142 

Meteorology, 26 

Milk: Chemical calculations, 111-115; Fat abstracted and Water 
added, 115 

Mixtures of Gases and Vapours, 15 

Montgolfier’s law, 58 

Mulder’s method, 119 

Multiplication by Logarithms, 129 


NITRITES and Nitrates, 93, 94 
Normal: Pressure and Temperature, 4 ; Solutions, 17 


OXIDISABLE Organic Matter, 92 
Oxygen, dissolved, 91, 92 


PASCAL’S law, 84 

Phenol-sulphonic method, 94 
Poisson’s Formula, 143 

Pole’s Formula, 79 

Population : Estimation of, 130-134 
Pressure : Correction for, 10 


RADIATION : Solar and Terrestrial, 48 
Rain-gauges: 48; Graduation of, 48 
Registrar-General’s Method, 130; Factor, 135 
Respiration, 51 

Richmond’s Formula, 113 ; Slide-Scale, 114 
Ritthausen’s Method, 113 


SOLUTIONS: Normal, 17; Factor for, 17 ; Standard, 95 
Space : Superficial and Cubic, 66-70 ; in Hospitals, 68 
Specific Gravity of Solids and Liquids, 19-25 
Sprengel’s tube, 22 

Strachan’s Formula, 44 

Symon’s Formula, 78 . 

Syphon, the, 83 


148 INDEX 


TEMPERATURE: Scales, 2; Correction for, 7, 10; Record of, 47 
Tension of Aqueous Vapour, 26-29 

Thresh’s method, 91 

Tidy’s process, 92 

Torricelli’s Theorem, 82 

Total Solids in: Milk, 111 ; Water, 85 


UnITs of: Heat, 76; Volume and Weight, 4 


VENTILATION: Artificial, 63; Carnelly’s and de Chaumont’s 
Formule, 55, 57; Friction in, 63; Natural, 57, 61 
Vernier, the 45, 47 


WATER: Area of receiving surface, 78; Chemical calculations, 85- 
95; Head of, 80; Rain-, 77; Supply of, by Stream, &c., 77-81 
Weight: 3; of Air, 5; of Aqueous Vapour, 5, 26, 28; of Gases, 14; 

Gramme-molecular, 5 ; Molecular, 6 
Werner-Schmidt process, 112 
Westphal’s Balance, 23, 24 
Wetted Perimeter, 99 
Willich’s Formula, 142 
Winckler’s method, 92 
Wind: Pressure, 50; Velocity, 49 


ZYMOTIC Death-rate, 136 


A SMALLER CATALOGUE OF 
MEDICAL WORKS 


PUBLISHED BY 


CHARLES GRIFFIN & COMPANY, LIMITED. 


SECTIONS. | 


Griffin’s Standard Medical Series, : e . 87 
Griffin’s Reference Pocket-Books, ‘ , ; 97 
Griffin’s Medical Students’ Text-Books, . . 101 


Griffin’s Practical Medical Handbooks :— 
Nursing, Ambulance, Sanitation, &.,. . 107 


MESSRS. CHARLES GRIFFIN & OOMPANY’S PUBLIOATIONS 
may be obtained through any Bookseller in the United Kingdom, or will 
be sent Post-free on receipt of a remittance to cover published price. To 
prevent delay, Orders should be accompanied by a Remittance. Oheque or 
Postal Order crossed ‘Union or Lonpon anp Smitu’s Bank, Ohancery 


Lane Branch.” 


_*.* General, Technical, and Full Illustrated Medical Catalogues 
Post-free on Application. 


LONDON: 
EXETER STREET, STRAND. 


20]7/08. 
8.M. 38. 


86 CHARLES GRIFFIN & CO.’S PUBLICATIONS. 


Twentieth Annual Tesue._ Handsome cloth, Ts. 6d, 
(To Subscribers, 6s.). 


THE OFFICIAL YEAR-BOOK 


OF THE 


SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
| AND IRELAND. 
OOMPILED FROM OFFICIAL SOURCES. 


Gomprising (together with other Official Information) LIST& of the 

- PAPERS read during the Session 1902-1903 before all the LEADING 

SOCIETIES throughout the Kingdom engaged in the following Depart- 
ments of Research i— 


$s. Science Generally: #.¢., Societies occupy- | : 
ing themselves with several Branchesof | ‘ 
Science, or with Science and Literature 


; . Economic Science and Statistics. 
jointly. § 
' 


6 
7. Mechanical Science, Engineering, and 
Arch tectuss. 
8. Navalznd Military Science. 
§. Mathematics and .Physics. 9. Agriculture and Horticulture. 
§ 3. Chemistry and cer meatiecye P o. Law. 
$4. Geology, Geography, and Mineralogy. § 1x. Literature. 
$s. Biology, including Microscopy and Am- | 412. Psychology. 
thropology. § 13. Archzology, 
$14. Mrpicing, 


“FILLS A VERY REAL WANT.”— Engineering. : 

‘INDISPENSABLE to any one who may wish to keep himself 
abreast of the scientific work of the day.”—Ladinburgh Medical 
Journal. 

“The Yzar-Boox or Soctetiss is a Record which ought to be of the greatest use for 
the progress of Science.”—Lord Playfair, F.R.8., K.C.B., MP., Past-President of the 


British Association. ack 
“It goes almost without saying that a Handbook of this subject will be in time 


one of the most generally useful works for the library or the desk.”—7The Times. 

British Societies are now well represented in the ‘Year-Book of the Scientifie and 
Learned. Societies of Great Brita and Ireland.’"—(Art. ‘‘Societies” in New Editien of 
‘* Eacyclopeedia Britannica,” vol. xxii.) 


Copies of the First Issur, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Coptes of the Issues following. 


The YEAR-BOOK OF socizTIES forms a complete INDEX TO ‘THE SCIPNTIFIC worK of the 


sessional year in the various Departments. It is used as a HANDB: (x in all our great 
ScignTIFIC CENTRES, Muszums, and Liprarizs throughout the Kingdom, and has become 
an INDISPENSABLE BOOK OF REFERENCE to every one engaged in Scientific Work. 

IE PEI T IEE TIE OSNS E ET SREESO 


READY IN OCTOBER EACH YEAR. 


LONDON: CHARLES-GRIFFIN &C0., LIMITED, EXETER STREET, STRAND, 


a Bw 


MHEDIOINE AND THH ALLIED SCIENCES. $7 


Charles Griffin & Co.’s Medical Series. 
-Standard Works of Reference for Practitioners and Students. 
Issued in LiprARY STYLE, large 8vo, Handsome Cloth, very fully Illustrated, 


Larger Catalogue, with Specimen Iilustrations, sent Post-free 
on application. 


ANATOMY AND PHYSIOLOGY. ee 

Human Anatomy, .» ProFr MAcaLisTErR, M.D.,. ~ 83 
(Applied) sah ids, TAmoRS MLD. . Page | 
Human Physiology, . ; . Prors. LANDOIS AND STIRL ANG 88 
Embryology, . : . Pror. Happon, . . 88 

DIAGNOSIS AND TREATMENT OF DISEASE. 
Clinical Diagnosis, . . Drs. v. JAKSCH AND CAGNEY, . 89 
Clinical Medicine, . : Jupson Bury, M.D., : a. 89 
Fibroid Fogplslss : 5 Sir ANDREW CLARK, M.D., » 90 
Gout, . F ; Sir Dyce DuckwortH, M.D., . 9f 
Rheumatism, 3 ‘ : . ARCH. GARROD, MDs : E383 
Ae ig plectncp : Wm. Hunter, M.D., ‘ a SO 
lseases of the rgans re) 
Respiration, . eae WeEsT, M.D., ; . 89 
x Childhood, . BRYAN DONKIN, M. a ; cD 
y the Eye, ; .» Drs. MEYER AND FERGUS, . soar OG 
. the Heart, . . A. E. Sansom, M.D., 3 #108 
the Skin, ‘ Pror, M‘CALL ANDERSON,. . QI 
Atlas of Urinary Sediments, Prors. RIEDER AND DELEPINE, 96 
Urine, Normal and Abnormal, Pror. Dixon Mann, M.D., . 96 
THE BRAIN, NERVOUS SYSTEM, LEGAL MEDICINE, &c. 
The Brain and Spinal Cord, . Vicror Horsey, F.R.C.S., . 92 
Central Nervous Organs, » Drs. OBERSTEINER AND HILL, . 92 
Peripheral Neuritis, . : . Drs. Ross AND BuRY, - . w 92 
Mental Diseases, : : . Bevan Lewis, M.R.C.S., . pragg 
Asylum Management, ° Cuas. Mercier, M.D., . aco’ 
aie aioe and Toxi- Pror. Dixon MANN, . eee 
ete Effects and Detec- A. WynTer BLyTH,. .  . 112 
The Digestive Glands, . . Pror. Pawtow, ; bs ee 85 
SURGERY. 

Ruptures, mole CoMACREADYE-R.C:S...6 94 
Surgery of the Kidneys, . . KNowsLey THORNTON, F.R.C.S., 94 
Spinal Cord, . Wm. THORBURN, F.R.C.S.,  . 94 
Railway Injuries, . HAW. Pacés,’ F-R.C., 4 04 


The Journal of Anatomy and Physiology, .« .« -» « 96 
*.* Other Volumes in active Preparation, 


LONDON: - CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


88 OHARLES GRIFFIN & CO.'S PUBLICATIONS. 


CHARLES GRIFFIN & (0. MEDICAL SERIES. 


Standard Works of Reference for Practitioners and Students. 


Issued in LIBRARY STYLE, large 8vo, Handsome Cloth, fully Illustrated. 


HUMAN ANATOMY. 


By ALEXANDER MACALISTER, M.A., M.D., LL.D., D.Sc., F.R.S., 


Professor of Anatomy in the University of Cambridge, and 
Fellow of St. John’s College. 


In Large 8vo, with 816 Illustrations. 36s. 


‘* By FAR THE MOST IMPORTANT WORK on this subject which has appeared in recent years.” 


—The Lancet. . ; 
* Destined to be a main factor in the advancement of Scientific Anatomy. . - The 


fine collection of Illustrations must be mentioned,”—Dxudlin Medical Fournal. 
* This SPLENDID WoRK.”—Saturday Review. 


APPLIED ANATOMY. 


BY... “TAYLOR,. M!D. {See "page 95). 


HUMAN PHYSIOLOGY. 


By ProressorR LANDOIS oF GREIFSWALD 
AND 
WM. STIRLING, M.D., Sc.D., 


Brackenbury Professor of Physiology in Owens College and Victoria University, Manchester ; 
Examiner in the Universities of Oxford, Edinburgh, and London. 


FIFTH EDITION in preparation. With some of the Illustrations in Colours. 


‘*The Book is the MOST COMPLETE véswmé of all the facts in Physiology in the language. 
Admirably adapted for the PRACTITIONER. . . . ith this Text-book at command, No 
STUDENT COULD FAIL IN HIS EXAMINATION.” —The Lantl 

“One of the MOST PRACTICAL WORKS on Physiology ever written. EXxCELLENTLY CLEAR, 
ATTRACTIVE, and SUCCINCT.”—Brittsh Medical Fournal. 


An Introduction to EMBRYOLOGY. 


By ALFRED C. HADDON, M.A., M.R.LA., 
Professor of Zoology in the Royal College of Science, Dublin. 18s. 


* Ap EXCELLENT RESUME OF RECENT RESEARCH, well adapted for self-study.”"— The Lancet. 


RHEUMATISM AND RHEUMATOID ARTHRITIS. 


By ARCH. E. GARROD, M.A. M.D.Oxon., F.R.CP., 
Assistant-Physician to the Hosp. for Sick Children, Gt. Ormond St. 21s. 


** We giadly welcome this Treatise. . . . The amount of information collected and the 
yaanner in which the facts are marshalled are deserving of ALL PRAISE.”"—Lascei. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


MEDICINE AND THE ALLIED SCIENCES. 8g 


GRIFFIN’S MEDICAL SERIES—Continued. 


CLINICAL DIAGNOSIS. 


The Chemical, Microscopical, and Bacteriological Evidence of Disease, 
By Pror. von JAKSCH, or PracuvgE, 


AND 


JAS. CAGNEY, M.A., M.D. 


FOURTH ENGLISH EDITION. With many new Illustrations in Colours, and 
additions prepared specially by Pror, von Jakscu, who has also revised 
the work and brought it quite up to date. 24s. 


“Prof. v. Jaksch’s ‘ Clinical Diagnosis’ stands almost alone in the width of its range, the 
THOROUGHNESS OF ITS EXPOSITION, and the clearness of its style. . . . ASTANDARD work, 
as TRUSTWORTHY as it is scientific.”— Lancet. 


CLINICAL MEDICINE. 


A PRACTICAL HANDBOOK ror PRACTITIONERS & STUDENTS, 
By JUDSON BURY, MD. F.RB.CP, 


Physician to the Manchester Royal Infirmary. 
SECOND EDITION, ReEvisep AND ENLARGED. 


With Numerous Ilustrations, Several in Colours. ars. 


With Additional Chapters on SKIN DISEASES, LARYNGOSCOPIC EXAMINATIONS, 
and on RONTGEN RAYS IN SURGERY, 


‘‘ An accurate and up-to-date representation of Clinical Medicine, which must prove of 


the utmost use, and ONE THAT IS NOT SURPASSED IN THE ENGLISH LANGUAGE.” —Srttish 


Medical $ ournal. 
“Wr CAN CORDIALLY RECOMMEND THIS VOLUME to our readers, and congratulate the 


author on the success of his labours.” — The Lancet. 
‘““The Book is one of the best of its kind. . . . We see EVERY SIGN OF VITALITY 


ABOUT 1T.”— Edinburgh Medical Fournal. 


Important New Work. In Two Volumes. Large 8vo. 56s, net. 
In. Large 8vo. Handsome Cloth. With numerous Diagrams and Illustrations. 


DISEASES OF THE ORGANS OF RESPIRATION. 


An Epitome of the Etiology, Pathology, Symptoms, Diagnosis, and 
Treatment of Diseases of the Lungs and Air Passages. 


ee es Wer OW cla ves As es Doe dC. Po, 


Assistant Physician and Demonstrator of Practical Medicine, St. Bartholomew's 
Hospital; Member of the Board of Faculty of Medicine in the University of 
Oxford; Senior Physician to the Royal Free Hospital; Consulting 
Physician to the New Hospital for Women, &c., &c. 
‘*We can speak in the highest terms of praise of the whole work.”—7he Lancet. 
“We have much pleasure in expressing our high admiration of Dr. West’s work,"— 


Medical Chronicle. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 


“go OHARLES GRIFFIN & 00'S PUBLICATIONS, 


GRIFFIN’S MEDICAL SERIES—Continued. 


ITS PATHOLOGY, INFECTIVE NATURE, SYMPTOMS, DIAGNOSIS AND 
TREATMENT, 
Iucliding investigations on 
- THE PHYSIOLOGY OF HAMOLYSIS. 
By WILLIAM HUNTER, M.D., F.R.C.P., F.R.S.E.," 
Assist.-Phys. London Fever Hospital; Arris and Gale Lect. R.C.S. Eng., &c., &c. 
With Plates (4 coloured), Illustrations, and 2 Folding Diagrams. 24s. net, 


CONTENTS.—Part I. Historical.—Part II. Morbid Anatomy.—Part III. Experimental.— 
Part IV. The Infective Nature of Pernicious Anemia.—Part V. Etiology.—Part VF. 
Symptoms.—Part VII. Treatment.—Part VIII. The Physiology of Blood Destruction.— 
Part IX. Hzmolysis and Jaundice.—INDEx. 


‘“We can speak in the highest terms as to Dr. Hunter's investigations on Hemolysis, 
which are some of the most ELABORATE and INSTRUCTIVE yet carried out. . . . He 
has added greatly to what was previously known as to the nature of the disease.”—Tke 
Lancet. 


With Tables, and Eight Plates in Colours. Price One Guinea, Net. 


FIBROID DISEASES OF THE LUNG, including 
FIBROID PHTHISIS. 


BY 


Sir ANDREW CLARK, Barr, M.D., LL.D., F.R.S., 


Late President to the Royal College of Physicians, Spice Consulting Physician to the 
London Hospital, and to the City of London Hospital for Diseases of the Chest, 


AND 
W. J. HADLEY, M.D., AND ARNOLD CHAPLIN, M.D., 
Assistant Physicians tothe City of London Hospital for Diseases of the Chest. 
“Tt was due to Sir ANDREW CLARK that a PERMANENT RECORD of his MOST IMPORTANT piece of 


PATHOLOGICAL AND CLINICAL WORK should be published. . . . A volume which will be HIGHLY 
VAI.UED BY EVERY CLINICAL PHYSICIAN.”—British Medical Fournatl, 


DISEASES OF THE EYE. 
By Dr. ED. MEYER, oF Paris. 


From the Third French Edition, 
By A. FREELAND FERGUS, M.D., 
Surg., Eye Infirmary, Glasgow ; Ophthalmic Surgeon, Glasgow Royal Infirmary. 
With Coloured Plates, 25s. 


“An EXCELLENT TRANSLATION of a Standard French Text-Book. . . . Essentially a 
PRACTICAL worK. The publishers have done their part in the tasteful and substantial manner 
characteristic of their medical publications.’ = Cphthaimic Review. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


_HEDICINE AND THE ALLIED SCIENCES. gi 


GRIFFIN’S MEDICAL SERIES—Continued. 


THE DIAGNOSIS OF 


DISEASES OF TRE FREART. 
By A. ERNEST SANSOM, M.D. F.R.OP., 


Physician to, and Lecturer on Clinical Medicine at, the London Hospital; Consulting Physician, 
North-Eastern Hospital for Children; Examiner in Medicine, Royal College of 
Physicians, Royal College of Surgeons, d&c., &c. 28s. 


** Dr. Sansom has opened te us a TREASURE-HOUSE OF KNOWLEDGE. . . . The 
@riginality of the work is shown on every page, an originality so complete as to mark it out 
from every other on the subject with which we are acquainted.” —Practitioner. 

‘* A book which does credit to British Scientific Medicine. We warmly commend it te 
all engaged in clinical work.” —The Lancet. 


Disease E or Or the SKIN. 


By T. M‘CALL ANDERSON, M.D., 


Professor of Systematic Medicine in the University of Glasgow; Examiner in Medicine 
and Pathology, H.M. British and Indian Army Medical Service. 


SECOND EDITION. Revised and Enlarged. With four Coloured Plates. 253s. 


“Beyond doubt, the MosT IMPORTANT WORK on Skin Diseases that has appeared in 
England for many years.” —British Medical $ournal. 


THE DISEASES OF CHILDHOOD 


(MEDICAL). 


By H. BRYAN DONKIN, M.A., M.D.Oxon., F.R.C.P. ; 


Physician to the Westminster Hospital and to the East London Hospital for Children at 
Shadwell; Lecturer on Medicine and Clinical Medicine at Westminster 
Hospital Medical School ; Examiner in Medicine to the 
Royal College of Physicians. 16s. 


-*© In every sense of the word a FRESH and ORIGINAL work, recording the results of the 
guthor’s OWN LARGE EXPERIENCE.”—The Lancet, 


A Treatise on GOUT. 
By Sir DYCE DUCKWORTH, M.D., LL.D., F.R.C.P., 


Physician to, and Lecturer on Clinical Medicine at, St. Bartholomew’s Hospital. 25s. 
With a Coloured Plate. 


** At once thoroughly practical and highly philosophical. The practitioner will find in it aa 
ENORMOUS AMOUNT OF INFORMATION. —Practitioner, 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


92 OHARLES GRIFFIN & 00,.’8 PUBLICATIONS. 


A 


GRIFFIN’S MEDICAL SERIES—Continued. 


THE STRUCTURE AND FUNCTIONS OF 
THE BRAIN AND SPINAL CORD. 


BY.oV LOGO Ree OSL Eye Ps RG, Snes lilt gnony 


Surgeon to University College Hospital, and to the National Hospital for Paralysed 
and Epileptic, &c., &c. 10s. 6d. 


‘* We HEARTILY COMMEND the book toall readers and to ALL CLASSES OF STUDENTS ALIKE, 
as being almost the only lucid account extant, embodying the LATEST RESEARCHES and their 
conclusions.”—British Medical Fournal. 


THE ANATOMY OF 


THE CENTRAL NERVOUS ORGANS 
IN HEALTH AND DISEASE. 
BY PROFESSOR OBERSTEINER, OF VIENNA, 


TRANSLATED BY ALEX HILL, M.A., M.D., 
Master of Downing College, Cambridge. 


SECOND ENGLISH EDITION, Revised, Enlarged, and almost entirely 
Re-written. With additional Illustrations. Price 30s. 


“‘Dr. Hill has enriched the work with many Notes of hisown. . . . Dr. Obersteiner’s 
work is admirable. . . . INVALUABLE AS A TEXT-Boox.”—British Medical Yeurnal. 


ON PERIPHERAL NEURITIS. 
By JAS. ROSS, M.D., LLD., 


Late Physician to the Manchester Royal Infirmary, and Joint Professor of Medicine at the 
Owens College ; and 


JUDSON BURY, MD. FRCP. 
Senior Assistant Physician to the Manchester Royal Infirmary. 
With Illustrations, Large 8vo, Handsome Cloth, 21s. 


** It will for many years remain the AUTHORITATIVE TEXT-BOOK on peripheral neuritis,” — 
British Medical Fournal. 


** A monument of industry.” —Edinburgh Medical fournal. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


MEDICINE AND THE ALLIED SCIENCES. 93 


GRIFFIN’S MEDICAL SERIES—Continued. 


MENTAL DISEASES: 


With Special Reference to the Pathological Aspects of Insanity. 


ByW,, BEVAN, LEWIS, V.R.C:P?? MtR-CS., 
Medical Superintendent and Director of the West Riding Asylum, Wakefield ; 
Examiner in Mental Diseases, Victoria University. 


SECOND EDITION, Revised and in part Rewritten. With Additional 
Illustrations, 30s. 


“‘ Without doubt the BEST work in English of its kind." —¥oxurnal of Mental Science. 

‘“This ADMIRABLE TExT-Boox places the study of Mental Diseases on a SOLID BASIS. 
2 » + The plates are numerous and admirable. To the student the work is INDISPENSABLE.” 
— Practittoner, 


LUNATIC ASYLUMS: Their Organisation and Management. 
By CHARLES MERCIER, M.B., F.R.C.S., 


Lecture on Neurology and Insanity, Westminster Hospital Medical School, &c., &c. 168. 
(for detatls see page 106). 


‘'WELL worTHy of thoughtful study. . . . Contains an immense amount of useful 
and interesting information.”—Medical Press. 


‘Will give a NEEDED IMPETUS to the study of Asylum Patients.’—Glasgow Med. 
Journal, 


FORENSIC MEDICINE AND TOXICOLOGY. 
By J. DIXON MANN, M.D., F.R.C.P,, 


Professor of Medical Jurisprudence and Toxicology, Owens College, Manchester ; Examiner 
in Forensic Medicine, London University, and Victoria University, Manchester. 


THIRD EDITION, Thoroughly Revised and Enlarged. 2Is. 


‘© We consider this work to be one of the BEST TEXT-BOOKS ON FORENSIC MEDICINE AND 
‘TOXICOLOGY NOW IN PRINT, and we cordially recommend it to students who are preparing 
for their examinations, and also to practitioners who may be, in the course of their 
professional work, called upon at any time to assist in the investigations of a medico-legal 
case.""— The Lancet (on the New Edition). 


POISONS: THEIR EFFECTS AND DETECTION. 


By A. WYNTER BLYTH, M.RB.CS., F.CS, 


Barrister-at-Law, Public Analyst for Devonshire, and Med. Officer of Health for 
St. Marylebone. 


THIRD EDITION, Revised and Enlarged. 21s. (See p. 112.) 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
A2 


G4 OHARLES GRIFFIN & 00.’8 PUBLICATIONS. 


GRIFFIN’S MEDICAL SERIES—Continued. - 


In Large 8vo, Handsome Cloth, with Illustrations and 24 Plates. 25s. 


A TREATISE ON RUPTURES. 


By JONATHAN F. C. H. MACREADY, F-R.CS., 


Surgeon to the Great Northern Central Hospital; to the City of London Hospital for 
Diseases of the Chest, Victoria Park; to the City of London Truss Society, &c., &c. 


** Certainly by far the most COMPLETE and AUTHORITATIVE WORK on the subject.”— 
Edin. Med. Fournal. 

‘*Much THE MOST IMPORTANT work on Hernia which has appeared of late years. 
The Plates are of an order of ARTISTIC MERIT and SCIENTIFIC ACCURACY not often met 
with.” —Glasgow Medical ¥ournal. 


THE SURGERY OF THE KIDNEYS. 


Being the Harveian Lectures for 1889. 
By J. KNOWSLEY THORNTON, M.B., C.M., 


Cons. Surgeon to the Samaritan Free Hospital; to the Grosvenor Hospital for Women ; 
to the New Hospital for Women and Children, &c., &c. 


In Demy .8vo, with Illustrations, Cloth, 5s. 


“The name and experience of the Author confer on the Lectures the stamp of authority.” 
~—DBritish Medical Fournal. 


The SURGERY of the SPINAL CORD. 


_By WILLIAM THORBURN, B.S., B.Sc., M.D., F.R.C.S., 


Honorary Surgeon to the Manchester Royal Infirmary; Assistant-Lecturer on Surgery, 
Owens College, Manchester. x2s. 6d. 


** Really the FULLEST RECORD we have of Spinal Surgery, and marks an important advance. 
~—British Medical Fournal. 


RAILWAY INJURIES: 


With Special Reference to those of the Back and Nervous System, in their 
Medico-Legal and Clinical Aspects. 


By HERBERT W. PAGE, M.A., M.C. CanTaB., F.R.C.S. ENG., 


Surgeon to St. Mary's Hospital; Lecturer on Surgery, St. Mary’s Hospital Medical School 
Consulting Surgeon L. & N.-W. Rwy. Co., &c., &c. 6s. 


_ A work INVALUABLE to those who have many railway cases under their care pending 
litigation, . . . A book which every lawyer as well as doctor should have on his shelves. 
—British Medical Fournal. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER’STREET, STRAND, 


MEDICINE AND THE ALLIED SCIENCES. 95 


GRIFFIN’S MEDICAL SERIES— Continued. 


AT PREss. Beautifully Illustrated, with 176 Figures and Plates, 
many in Colours, 


APPLIED ANATOMY: 


A Treatise for Students, House Surgeons, and for Operating Surgeons, 
By EDWARD H. TAYLOR, M.D.,(Dublin), F.R.C.5,, 1, 


Surgeon to Sir Patrick Du1’s Hospital; Examiner and late Lecturer in Applied Anatory,. 
Trinity College, Dublin; Examiner in Surgery, Royal College of Surgeons in Ireland. 


_Contents.—The Anatomy of the Head and Neck: The Scalp, the 
Skull, the Membranes of the Brain, the Brain, the Ear, Face, Eye, Nose, 
Mouth, &c.—The Upper Extremity: Axilla, Arm, Elbow, Forearm, 
Wrist, and Hand.—The Thorax: Chest, Abdomen, Inguinal Region, 
Organs of Reproduction.—The Lower Extremity: Glutial Region, 
Thigh, Knee, Leg, Ankle, Foot.—Index. 

The work has been designed as a connecting link between the Dissecting Room and the 
requirements of the Operating Theatre. Particular attention has been bestowed upon the 
illustrations, and special care has been bestowed upon the anatomical requirements of 
modern pelvicand abdominal surgery. The work will, it is hoped, possess a real value, not 
only to general practitioners, but also to specialists and to these preparing for the higher 
examinations in medicine and surgery.—//rom Autho,’s Preface. 


Sole Authorised English Edition. 6s. net. 


THE WORK OF THE DIGESTIVE GLANDS. 


By Prorrssor PAWLOW, or St. PETERSBURG. 


TRANSLATED INTO ENGLISH BY 
W. HH. PTO SON, MD Meh F.R.C.S., 


King’s Professor of Institutes of Medicine, Trinity College, Dublin ; Examiner in Physiology 
R.C.S. Eng. and Royal University, Ireland. 


‘Full of new and interesting facts that should be read and reflected upon by all who 
practice medicine.” —The Lancet. 


MAMMALIAN DESCENT: Man’s Place in Nature. Being 
the Hunterian Lectures for 1884. Adapted for General Readers. By 
Prof. W. KircHEN PARKER, F.R.S., Hunterian Professor, Royal 
College of Surgeons. With Illustrations. In 8vo, Cloth. Ios. 6d, 
“The smallest details of science catch a Livinc GLOow from the ardour of the author's 
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Tutrp Eiprtion. In Hatra Crown 8vo, with 368 Iliustrations, 
Cloth. 12s. 6d. In Preparation. 


OUTLINES OF 


PRACTICAL HISTOLOGY: 


A Manual for Students. 


** Dr. Stirling’s ‘‘ Outlines of Practical Histology” is a compact Hand- 
book for students, providing a ComMPpLeTE LABORATORY CouRSsE, in whieh 
almost every exercise is accompanied by a drawing. Very many of the 
illustrations have been prepared expressly for the work. 


“+The volume proceeds from a MasTmR in his craft. . . . We can confidently re- 
commend this small but CONCISELY-WRITTEN and »ADMIRABLY ILLUSTRATED work to 
students. They will find it to be a VERY USEFUL and RELIABLE GUIDE in the laboratory, or 
in theirown room. Alli the principal mzTrHops of preparing tissues for section are given. 
with such procise directions that little or no difficulty can be felt in following them in 
their most minute details.” —Lancet. 

‘‘ The general plan of the work. is ADMIRABLE. . . . Itis very evident that the sug- 
gestions given are the outcome of a PROLONGED EXPERIENCE in teaching Practical Histology, 
combined with a REMARKABLE JUDGMENT in the selection of MerHops. . . . Merits the 
eapesy praise for the ILLUSTRATIONS, which are at once clear and faithful.”"—British Medical 

arnas, 
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In Large 8vo. With 36 Plates and Blank Pages for 
MS. Notes. Cloth, 12s. 6d. 


THE PHYSIOLOGIST’S NOTE-BOOK: 


A Summary of the Present State of Physiological 
Science for Students. 


By AE EX HIEL McAL MD, 


Master of Downing College and formerly Vice-Chancellor of the University of Cambridge. 


GENERAL CONTENTS :—The Blood—Vascular System—Nerves—Muscle— 
Digestion—Skin—Kidneys—Respiration—The Senses—Voice and Speech 
—Central Nervous System—Reproduction—Chemistry of the Body, 


CHIEF FEATURES OF DR. HILL’S NOTE-BOOK. 
1. It helps the Student to CODIFY HIS KNOWLEDGE. 
2. Gives a grasp of BOTH SIDES of an argument. 
- 3. Is INDISPENSABLE for RAPID RECAPITULATION. 


The Lancet says of it:—'‘ The work which the Master of Downing College modestly compares 
$o a Note-book is an ADMIRABLE COMPENDIUM of our present information. ... . Willbea REAL 
ACQUISITION to Students. . . . Gives all ESSENTIAL POINTS. . . . The TYPOGRAPHICAL 
ARRANGEMENT is a chief feature of the book. . . . Secures at a glance the EVIDENCE On both 
sides of a theory.” 

x The Hospital says:—‘‘The Physiologist's Note-book bears the hall-mark of the Cambridge 
cee ane is the work of one of the most successful of her teachers. Will be INVALUABLE 
‘to Students.” 

The British Medical Journal commends in the volume—" Its admirable diagrams, its running 

Bibliography, its clear Tables, and its concise statement of the anatomical aspects of the subject.” 


*.* For Dr. Hill’s Translation of Prof. Obersteiner’s Central Nervous 
Organs, see p. 92. 
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Synopsis of Animal Classification. Comprising Definitions of the 
Phyla, Classes, and Orders, with Explanatory Remarks and Tables. 
By Dr. Emit SELENKA, Professor in the University of Erlangen. 
Authorised English translation from the Third German Edition. By 
Prof. AINSWORTH Davis. In Small Post 8vo, Interleaved for the 
use of Students. Limp Covers, 4s. 
“* Dr. Selenka’s Manyal will be found useful by all Students of Zoology. It is a COMPRE- 
HENSIVE and SUCCESSFUL attempt to present us with a scheme of the natural arrangement of 
sthe animal world.”—Zadin. Med. Journal. 


“Will prove very serviceable to those who are attending Biology Lectures. . . » The 
translation is accurate and clear.” —Lascet. 
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An Elementary Text-Book 


13 © de, CO) Gar ae 


By: |. ROATNSW OR TE TA Vil aan ee 


PROFESSOR OF BIOLOGY, UNIVERSITY COLLEGE, ABERYSTWYTH 
EXAMINER IN ZOOLOGY, UNIVERSITY OF ABERDEEN. 


SECOND EDITION. In Two Volumes. Sold Separately. 


I. VEGETABLE MORPHOLOGY AND PHYSIOLOGY. 


General Contents.—UNIcELLULAR PLANTS (Yeast-plant, Germs and 
Microbes, White Mould, Green Mould, &c., &c.)—SIMPLE MULTICELLULAR 
PLANTS (Wrack, Stoneworts, &c.)—THE Moss—PTERIDOPHYTES (Bracken 
and Male Shield Ferns, &c.)—-PLANT CELLS AND TISSsUES—GYMNOSPERMS 
(the Fir)—ANGIOSPERMS (Buttercup, Snowdrop)—VEGETATIVE ORGANS OF 
SPERMAPHYTES—REPRODUCTIVE ORGANS ON ANGIOSPERMS— PHYSIOLOGY 
OF HIGHER PLANTS—DEVELOPMENT OF ANGIOSPERMS—COMPARATIVE 
VEGETABLE MORPHOLOGY AND PHYSIOLOGY—CLASSIFICATION OF PLANTS, 


With Complete Index-Glossary and 128 Illustrations, 8s. 6d. 


I], ANIMAL MORPHOLOGY AND PHYSIOLOGY. 


General Contents.—ProrTozoa: Amceba (Proteus Animalcule), Vorticella 
(Bell Animalcule), Gregarina—C@LENTERATA: Hydra (Fresh- Water Polype), 
&c.—PLATYHELMIA (Flat-worms): Liver-fluke, Tapeworm—-NEMATHELMIA 
(Thread-worms)—ANNELIDA (Segmented Worms): Earthworm, Leech— 
ARTHROPODA: Crayfish—MoLuLuscA: Fresh-Water Mussels, Snail— 
VERTEBRATA ACRANIA: Amphioxus (Lancelet)—Piscrs (Fishes) : Dogfish— 
AMPHIBIA: Frog—AVEs (Birds): Pigeon and Fowl—MAMMALIA: Rabbit— 
COMPARATIVE ANIMAL MORPHOLOGY AND PHYSIOLOGY—MAN—CLASSIFI- 
CATION and DISTRIBUTION OF ANIMALS, 


With Complete Index-Glossary and 108 Illustrations, 10s. 6d. 


NoTE—The SECOND EDITION has been thoroughly Revised and Enlarged, 
and includes all the lean selected TYPES in the various Organic Groups, 


“‘Certainly THE BEST ‘BIOLOGY’ with which we are acquainted. It owes its pre 
eminence to the fact that it is an EXCELLENT attempt to present Biology to the Student as a 
CORRELATED AND COMPLETE SCIENCE.” — British Medical Journal. 

‘*CLEAR and COMPREHENSIVE. "— Saturday Review. 

“* Laterally PACKED with information.”"—Glasgow Medical J ox nal. 


DAVIS each THE FLOWERING PLANT. 
(See p. 114.) 

DAVIS AND SELENKA: ZOOLOGICAL 
POCKET-BOOK. (See p. 103.) 
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FirtH EDITION, Revised. With Numerous Illustrations. 5s, 


AN INTRODUCTION TO THE STUDY OF 
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For the Use of Young Practitioners, Students, 
.and Midwives. 


BY 


ARCHIBALD DONALD, M.A., M.D., C.M.Epn., 


Obstetric Physician to the Manchester Royal Infirmary; Honorary Surgeon to St. Mary's 
Hospital for Women, Manchester. 


HIGHLY CREDITABLE to the Author. . . . Should prove of GREAT VALUE to 
Midwifery Students and Junior Practitioners.” British Gynecological Fournal. 


“‘ As an Introduction to the study of Midwifery No BETTER BOOK could be placed in the 
hands of the Student.”—Shefield Med. Journal. 


THIRD EpiTIon, Thoroughly Revised. With Illustrations, 7s. 6d. 
OUTLINES OF THE 


DISEASES OF WOMEN. 


A CONCISE HANDBOOK FOR STUDENTS. 
By JOHN PHILLIPS, M.A, M.D., F.R.C.P., 


Senior Physician, British Lying-in Hospital; Obstetric Physician, and Lecturer on 
Practical Obstetrics at King’s College Hospital; Examiner in Midwifery 
to the University of Cambridge; Examiner in Midwifery and 
Diseases of Women to the Royal College of Physicians. 


+ * Dr. Phillips’ work is ESSENTIALLY PRACTICAL in its nature, and will be 
found invaluable to the student and young practitioner. 


‘Contains a GREAT DEAL OF INFORMATION in a VERY CONDENSED form. . . . The 
value of the work is increased by the number of sketch diagrams, some of which are HIGHLY 
INGENIOUS,’ —Ladin. Med. Fournal. 

“Dr. Purtiips’ MANUAL is written in a SUCCINCT style. He rightly lays stress on 
Anatomy. The passages on CASE-TAKING are EXCELLENT. Dr. Phillips is very trustworthy 
throughout in his views on THERAPEUTICS. He supplies an excellent series of SIMPLE but 
VALUABLE PRESCRIPTIONS, an INDISPENSABLE REQUIREMENT for students.”—Brit. Med. 
Fournal, 


“‘This EXCELLENT TEXT-BOOK . . . gives just what the student requires. . . - 
The prescriptions cannot but be helpful.”—MVedicaéd Press. 
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din Extra Crown 8vo, with Litho-plates and Numerous Illustrations. 
Cloth, 8s. 6d. 


ELEMENTS 0 


F . 
PRACTICAL PHARMACY AND DISPENSING. 


By W. ELBORNE, B.A.CANTAB., F.LS., F.C.S, 


Demonstrator of Materia Medica and Teacher of Pharmacy at Untverstty 
College, London ; Pharmacist to University College Hospital. 


GENERAL CONTENTS. 
Part I.—Chemical Pharmacy and Laboratory Course. 
Part II.—Galenical Pharmacy and Laboratory Course. | 
Part III.—A Practical Course of Dispensing, with Fae-Similes 
of Autograph Prescriptions, 


‘*A work which we can very highly recommend to the perusal of all 


Students of Medicine. . . . ADMIRABLY ADAPTED to their require- 
ments.” —Ldinburgh Medical Journal. 
‘The system . . . which Mr. Elborne here sketches is thoroughly 


sound.”—Chemist and Druggist. 


*,* Formerly published under the title of ‘“ PHARMACY AND 
MATERIA MEDICA.” 


Large 8vo, Handsome Cloth. 16s. 


LUNATIC ASYLUMS: 
THEIR ORGANISATION AND MANAGEMENT. 
By CHARLES MERCIER, M.B., 


Lecturer on Neurology and Insanity, Westminsier Hospital Medical School; Late Sentor 
Assistant-Medical Officer at Leavesden Asylum, and at the City of London Asylum. 


ABSTRACT OF CONTENTS. 

Part I.--Housing,—General Principles. — Supervision. —Cost.— Wards 
and Ward Offices. —Day Rooms.—The Dining and Recreation Halls, Chapel, 
&c. — Communication. — Administrative Portion. — Accommodation for the 
Staff.—Airing Courts. 

Part II.—Food and Clothing. —- Beverages. — Dietaries.—Testing. — 
Storing and Keeping.— Serving.— Extra Diets.— Clothing. 

Part III.— Occupation and Amusement.— Occupation. — Amuse- 
ments.— Airing Courts.—Grounds.— Open-Air Amusements.—The Recreation 
Hall.—Dancing.—Theatricals.—Concerts. 

Part. 1V.—Detention and Care.—Detention.—Care.—Suicidal Ten- 
dency. —Supervision.—Violence.— Restraint. — Dispersion. —Change of Sur- 
roundings. —- Pretended Violence. —Accidents. —- Falls. — Epileptic Fits. — 
Epileptics at Night.—Provisions for Safety of Patients.—Fire-Extinguishing 
Apparatus.—Cleanliness.—Bathing.—Dirty Habits. 

Part V.—The Staff.— Responsibility.—Awards.—Punishment.—Super- 
vision.—Inspection.—Surprise Visits. —Reports.—The Chaplain.—The Super- 
oe —- Assistant Medical Officer. — Matron. — Warders. — Nurses. — 

EC. 8G: 
‘Will give a much-needed IMPETUS to the study of Asylum Patients.”—Glasgow 
Medical Journal. 
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TWENTY-FouRTH EDITION. L£ntirely Revised. With Numerous 
Lilustrations, 35. 6a. 


A MANUAL OF NURSING: 


Medical and Surgical. 
By LAURENCE HUMPHRY, M.A., M.D., M.R.CS., 


Assistant-Physician and late Lecturer to Probationers at Addenbrooke's Hospital, 
Cambridge; Teacher of Pathology and Examiner in Medicine, 
University of Cambridge. 


GENERAL CONTENTS.—The General Management of the Sick Room im 
Private Houses—General Plan of the Human Body—Diseases of the Nervous 
System—Respiratory System—Heart and Blood-Vessels—Digestive System— 
Skin and Kidneys—Fevers—Diseases of Children—Wounds and Fractures— 
Management of Child-Bed—Sick-Room Cookery, &c., &c, 


‘In the fullest sense Dr. Humphry’s book is a DISTINCT ADVANCE on all previous 
Manuals. . . . Its value is greatly enhanced by copious Woodcuts and diagrams of the: 
bones and internal organs, by many Illustrations of the art of BANDAGING, by Temperature 
charts indicative of the course of some of the most characteristic diseases, and by a goodly 
array of SIck-ROOM APPLIANCES with which EvERY Nurse should endeavour to become 
acquainted.”— British Medical Journal. 

*“'We should advise ALL NURSES to possess a copy of the work. We can confidently re- 
commend it as an EXCELLENT GUIDE and companion.’’— Hospital. 


Tuirp Eprrion. Handsome Cloth, 4s. 


FOOD ws AN sw DLE ARIES = 


A Manual of Clinical Dietetics, 
By R. W. BURNET, MD. F.ROP, 


Physician tn Ordinary to H.R.H. the Prince of Wales; Senior Physician to the 
Great Northern Central Hospital, éc. : 


GENERAL CONTENTS.—DIET in Diseases of the Stomach, Intes- 
tinal Tract, Liver, Lungs, Heart, Kidneys, &c.; in Diabetes, Scurvy, Anz- 
mia, Scrofula, Gout, Rheumatism, Obesity, Alcoholism, Influenza, Nervous 
Disorders, Diathetic Diseases, Diseases of Children, with a Section on 
Predigested Foods, and Appendix on Invalid Cookery. 


“The directions given are UNIFORMLY JuDIcious. . . . Maybe confidently taken 
@4 @ RFLIABLE GUIDE in the art of feeding the sick.”— Brit. Med. Journal. 

“‘ Dr, Burnet’s book will be of great use. . . . Deals with BRoaD and ACCEPTED 
views. . . . Gout, Scurvy, Rickets, and Alcoholism are instances in point, and they 
are all TREATED with ADMIRABLE SENSE and gup@mzntT by Dr. Burnet. The careful 
study of such books as this will very much help the Practitioner in the Treatment of cases, 
and powerfully aid the action of remedies.” —Lancet. be 

“Dr. Burnet gives a Time-table of Diet, with Bill of Fare for each meal, quantities, 
and beverages . . . will help the nurse when at her wits’ end for a change of diet, to 
meet the urgency of the moment or tempt the appetite of the patient.” — Glasgow Herald. 
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“¢ Should be in the hands of EVERY MOTHER AND NursE,”— The Nurse (Boston). 


FOURTH EDITION, REVISED. Handsome Cloth. Price 5s. 


THE WIFE AND MOTHER: 


A Medical Guide to the Care of Health and the 
Management of Children. 


BY “ALBERT \WESTUCAND MM Ay MD, YC Wr: 


~ 


GENERAL CONTENTS :—Parr I.—Early Married Life. 
Part II.—Early Motherhood. Parr III.—The Child, in 
Health and Sickness. Parr IV.—Later Married Life. 


‘“WELL-ARRANGED, and CLEARLY WRITTEN.”—Lancet. 

‘THE BEST BOOK of itskind. . . . May be read from cover to cover with 
advantage.” —Medical Press. 

‘*A REALLY EXCELLENT BOOK.” —Aberdeen Journal, 

** EXCELLENT AND JUDICIOUS.”— Western Daily Press. 

‘The best book I can recommend is ‘ THE WIFE AND MOTHER,’ by Dr. ALBERT 
WESTLAND, published by Messrs. Charles Griffin & Co. It isa MOST VALUABLE 
work, written with discretion and refinement.”—AHearth and Home. 

“Will be WELCOMED by every young wife . . . abounds with valuable 
advice,”—Glasgow Herald. 


In Large Crown 8vo. Handsome Cloth. 3s. 


INFANCY AND INFANT-REARING: 


A Guide to the Care of Children in Early Life. 
By JOHN BENJ. HELLIER, M.D., 


Surg. to_the Hosp. for Women and Children, Leeds; Lect. on Diseases of Women and 
Children, Yorkshire College, Leeds; Examiner in the Victoria University. 


With Illustrations. 


GENERAL CONTENTS.—Normal Growth and Development in 
the first Two Years of Life: The New-born Child—Signs of Maturity 
—The Bony System—Nervous System—Development of Special Senses— 
Teething. “Difficulties of Infant-Rearing: Statistics of Mortality. 
Causes of Mortality: Improper Feeding—Sour and Diseased Milk. 
Special Diseases of Infancy: Gastro-enteric Catarrh—Rickets—Scurvy 
Rickets—Thrush—Rheumatism—Causes which hinder Thriving. Infant- 
Feeding: Natural Feeding—wWet Nurses and their Diet—Influence of 
Alcohol and Drugs. Artificial Feeding: Humanising Cow’s Milk— 
Peptonising—Sterilising— Precautions—Feeding-Bottles—Milk of other Ani- 
mals—Diet in Scurvy Rickets, &c. General Hygiene of Infants: 
Cleanliness — Warmth — Ventilation—Sleep—Out-door Exercise— Nursery 
Arrangements—Shortening. Special Care of New-born Children— 
Care of Premature Infant: Tarnier’s Couveuse and Mode of using it. 
Hygiene of Dentition—Special Conditions observed in Infaney. 


“THOROUGHLY PRACTICAL, . . . A MINE of information.”"—Pudblic Health. 
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GRIFFIN’S “FIRST AID’? PUBLICATIONS. 
On Band. 


Fourtu Epition. Large Crown 8vo. Handsome Cloth. 4s. 


A MANUAL OF AMBULANCE. 


By J. SCOTT RIDDELL, C.M., M.B., M.A., 


‘Benior Asst.-Surgeon, Aberdeen Royal Infirmary; Lecturer and Examiner to the Aberdeen 
Ambulance Association ; Examiner to the St. Andrew’s Ambulance Association, 
Glasgow, and the St. John Ambulance Association, London. 


With Numerous Illustrations and Full Page Plates. 


General Contents.—Outlines of Human Anatomy and Physiology— 
The Triangular Bandage and its Uses—The Roller Bandage and its Uses 
—Fractures—Dislocations and Sprains—Hsmorrhage—W ounds—Insensi- 
bility and Fits—Asphyxia and Drowning— Suffocation— Poisoning—Burns, 
Frost-bite, and Sunstroke—Removal of Foreign Bodies from (a) The Eye ; 
(6) The Ear; (c) The Nose; (d) The Throat; (e) The Tissues—Ambulance: 
Transport and Stretcher Drill—The After-treatment of Ambulance Patients 
—Organisation and Management of Ambulance Classes—Appendix: Ex- 
amination Papers on First Aid. 


‘SA GAPITAL BOOK. . . . The directions are sHorT and cLEaR, and testify to ibe. 
hand of an able surgeon.”—Zdin. Med. Journal. 

‘This little volume seems to us about as good as it could possibly be. . . . Contains 

ractically every piece of information necessary to render First aid. . . . Should fina 


ts place in EVERY HOUSEHOLD LIBRARY.” — Daily Chronicle. 
_“So ADMIRABLE is this work, that it is difficult to imagine how it could be better.”"—~- 


Colliery Guardian. 


75 Md Gogipthi eats & 
Seconp Epit.on, Revised. Crown 8vo, Extra. 
Handsome Cloth. 6s. 


A MEDICAL AND SURGICAL HELP 


FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT WAVY. 


INCLUDING 


FIRST AID TO THE INJURED. 
By WM. JOHNSON SMITH, F.Z.GS,, 


Principal Medical Officer, Seamen’s Hospital, Greenwich. 
With 2 Coloured Plates, Numerous Illustrations, and latest Regulations 
respecting Medical Stores on Board Ship. 


*,* The attention of all interested in our Merchant Navy is requested to this exceedingly 
useful and valuable work. It is needless to say that it is the outcome of many year’s: 
PRACTICAL EXPERIENCE amongst Seamen. 

‘*SounD, JUDICIOUS, REALLY HELPFUL.” —The Lancet, 

“It would be difficult to find a Medical and Surgical Guide more clear and comprehensive 
than Mr. Jounson SuirH, whose experience at the GREENWICH HosPiITAL eminently qualifies. 
him for the task. . . . A MOST ATTRACTIVE WORK. . . . We have read it from cover: 
tocover. . . . It gives clearly written advice to Masters and Officersin all medical andi 
surgical matters likely to come before them when remote from the land and without a 
doctor. . . . We RECOMMEND the work to EveRY Shipmaster and Officer.”—Liverposi’ 


Journal of Commerce. 
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TENTH EDITION, Revised. Price 6s. . 


Practical Sanitation: 


A HAND-BOOK FOR SANITARY INSPECTORS AND 
OTHERS INTERESTED IN SANITATION. 


BY 


COV Gre RE ee ie Eo ial a ladies 


Fellow, Mem. Council, and Examiner, Sanitary Institute of Great Britain, 
and Medical Officer to the Staffordshire County Council. 


WITH AN APPENDIX OV SANITARY LAW. 
BY 


HERBERT -MANLEY, M.A. M.B., D.P.H., 


Medical Officer of Health for the County Borough of West Bromwich. | 


GENERAL CONTENTS.—Introduction.—Water Supply: Drinking Water, 
Pollution of Water.—Ventilation and Warming.—Principles of Sewage 
Removal.—Details of Drainage; Refuse Removal and Disposal—Sanitary 
and Insanitary Work and Appliances. —Details of Plumbers’ Work.—House 
«Construction.—Infection and Disinfection.—Food, Inspection of; Charac- 
teristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food.— — 
Appendix: Sanitary Law; Model Bye-Laws, &c. 

‘‘Dr. Reid’s very useful Manual . , . ABOUNDS IN PRACTICAL DETAIL,” 
—British Medical Journal. 

‘‘A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend 
‘it not only to SANITARY INSPECTORS, but to HOUSEHOLDERS and ALL interested 
dn Sanitary matters.” —Sanitary Record. 


IN PREPARATION. In Crown 8vo. With Illustrations. 


Public Health & Vital Statistics. 


H. W. G. MACLEOD, M.D., C.M., D.P.H. 


ABSTRACT OF CONTENTS. 


Chemistry. — Specific Gravity. — Meteorology. — Ventilation. — Water. — 
Drainage and Sewage.—Diet and Energy. —Logarithms.—Population (Vital 
Statistics). 
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MEDICINE AND THE ALLIED SCIENCES. 11t 


In Crown 800. With Frontispiece. Handsome Cloth. 6s. 
[THE HYGIENIC PREVENTION OF 


CONSUMPTION. 


J. EDWARD SQUIRE, M.D, D.P.H.Camb,, 


Physician to the North London Hospital for Consuniption and Diseases of the Chest; 
Fellow of the Royal Med.-Chirurg. Society, and of the British Institute of 
Public Health, &c., &c. 


GENERAL CONTENTS :—THE NATURE OF CONSUMPTION-——PREVENTIVE 
MEASURES: In Infancy, Childhood, School Life, Adult Life; Exercise, Clothing, 
Diet; the Household, Choice cf Occupation, Residence—STATE HYGIENE— 
MANAGEMENT OF EARLY CONSUMPTION :—Question of Curability, Climatic 
‘Conditions, Travelling, &c. 

“We can safely say that Dr. Squrre’s work WILL REPAY stupy even by the most. cultivated 


—, . «. . Although the book is not a large one, it is FULL OF INSTRUCTIVE MATTER, and 
ide written in a judicious spirit, besides being VERY READABLE.”—The Lancet. 


For other Standard Works on Sanitation 
SEE 
CRIMP’S SEWAGE DISPOSAL, . Page 76 General Catalogue. 
NAYLOR’S TRADES’ WASTE, errr 76 _ 
WOOD'S SANITARY ENGINEERING, ,, 78 
DAVIES’ HANDBOOK OF HYGIENE, ,, 99 
BLYTH'S FOODSys, ma a | 2 


%” 


See also “‘ LocAL GOVERNMENT HANDBOOKS,” page 48 General Catalogue. 


With Diagrams, Demy 8vo, 472 pp. 12s. 6d. 


ESSAYS IN HEART AND LUNG DISEASES. 
By ARTHUR FOXWELL, M.A., M.D.Cantab., F.R.C.P.Lond., 


Physician to the Queen’s Hospital, Birmingham ; Examiner in Medicine, 
University of Cambridge. 


General Contents.—On Drspnaa—EXPECTORATION IN PHTHISIS—ON CATARRHE 
{A. Acute Pneumonia in Children; B. Acute Laryngitis in Children ; C. Acute 
Primary Peritonitis; D. Catarrhus)—ONn CiimatTe (A. The Davos and Engadine 
Valleys ; B. Arosa, a Hamlet in the Grisons ; C. The Climatic Treatment of Tuber- 
cular Phthisis)—NON-TUBERCULAR PULMONARY CAVITIES—THE CURABILITY AND 
PRoGNosis OF Putaisis— THE VASCULAR SYSTEM IN ANZMIC DEBILITY — 
ARTERIAL H1GH TENSION—CONGESTION OF THE LuNGS—ON HaMoptTysis—THe 
ANTISEPTIC TREATMENT OF TUBERCULAR PHTHISIS. 


‘These ADMIRABLE Essays.""—Brit. ded. Journal, 
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Just Our. Firru Epirion, Thoroughly Revised, Greatly Enlarged and 
Re-written. With additional Tables, Plates, and Illustrations. 21s. 


THEIR COMPOSITION AND ANALYSIS. 
By A. WYNTER BLYTH, M.R.CS., F.I0., F.CS., 


Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Health for St. Marylebone. 


Axp M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 


GENERAL CONTENTS. — History of Adulteration. — Legislation. —Ap- 
paratus.—‘‘ Ash.” —Sugar. — Confectionery. — Honey. — Treacle. — Jams 
and Preserved Fruits.—Starches. — Wheaten-Flour. — Bread. — Oats. — 
Barley. — Rye. — Rice. — Maize. — Millet. — Potato. — Peas. — Lentils. — 
Beans. — Milk.— Cream. — Butter. — Oleo-Margarine. — Cheese.— Lard. — 
Tea. — Coffee. — Cocoa and Chocolate. — Aleohol. — Brandy. — Rum. — 
Whisky. —Gin. —Arrack.—Liqueurs.— Absinthe.— Yeast.— Beer.— Wine. 
— Vinegar.— Lemon and Lime Juice.— Mustard.—Pepper.— Sweet and 
Bitter Almonds. —Annatto.— Olive Oi].— Water Analysis.—Appendix : 
Adulteration Acts, &c. 


** imply INDISPENSABLE in the Analyst's laboratory.""—The Lancet. 
* A new edition of Mr. Wynter Blyth’s Standard work, ENRICHED WITH ALL THE RECEN? 
DISCOVERIES AND IMPROVEMENTS, Will be accepted as a boon,”—Chemical News, 
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